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PRHFACH 


As a resuit of Ihe decision made al (he meeting in Helsinki, the vSevenlh Inter¬ 
national Symposium on Neuropterology was held from 6th to 9th Augusl 2000 at 
Csilleberc, in a forested hilly pai1 of the Hungarian capital, Budapest. About tliirty 
registered scientists, representing 19 countries took part on the meeting where 23 
lectures and 2l posters were presented. 

The presentations covered all areas ofresearch into Neuropteroidea, includ- 
ing anatomy, applied entomology, biogeography, biology, ecology, faunistics, ex- 
ternal morphology, systematics and taxonomy; most of them are included in this 
proceedings volume, entitled “Neuropterology 2000”. 

In addition to the formal presentations, a round-table discussion on the phy- 
logeny of Neuropteroidea was organized, with Dv. Ulrike ASPOCK in the chair. 
Another round-table discussion on current and future projects and research themes 
was conducted, as usual, by Professor IIOt^ST AstK)CK. 

At the meeting of the International Association for Neuropterology, Profes¬ 
sor I IORST ASP()CK and I)r. Ulrikp ASPOCK were elected as co-presidents for the 
periodof 2000-2003. 

The scientific event was followed by a post-congress tour to some interesting 
areas of Ilungary, with nice landscape and peculiar natural and seminatural habi- 
tats. A report on this excursion is included in this volume. 

The symposium was organized by the Hungarian Natural History Museum. 
However, the contributions of many other persons were necessary to make the 
event successful. In particular, Dr. PRRPNC^ SZENTKIRAI.YI (Piant Protection Insti¬ 
tute, Hungarian Academy of Sciences) participated in many steps of the organiza- 
tion while his wife, Mrs JUDi r T(Vm, arranged the programme for the accompany- 
ing persons. Dr. Levente Abraiiam (Somogy County Museum) and Prof. VlL- 
MOS Altbacker (Hdtvds Lorand University) helped us during the course of the 
post-congress tour. 

Pailicipants of the symposium accepted the proposal of Dr. JOHN OSWALD 
that the next symposium should take place in Texas, USA, during 2003. The orga- 
nizers of the meeting held in Budapest wish all neuropterologists valuable new re¬ 
sui ts in the years to come and their American colleagues every success in organiz- 
ing the Eighth Symposium. 

Budapest, May 2001 


C/yot\^y Szirdki 


AVANT-PROPOS 


Comme convenu lors de Ia precedente reimion d’Helsinki, le Septieme Sym¬ 
posium International de Nevropterologie a eu lieu a Csilleberc, dans un site 
collineen couvert de forets de la capitale hongroise, Budapest, du 6 au 9 aout de 
Pan 2000. Au total, trente spccialistes representant 19 pays se sont reunis pour 
presenter 23 Communications orales et 21 posters. 

Les presentations ont aborde tous les sujets de recherche concernant les 
Neuropteroidea: anatomie, biogeographie, biologie, ecologie, entomologie appli- 
quee, faunistique, moiphologie externe, systematique et taxonomie. La plupart 
d’entre elles paraitront dans la publication a venir solis le titre “Neuropterology 
2000”. Aux contributions traditionnelles se sont ajoutees une table ronde relative a 
la phylogenie des Neuropteroidea animee par Mme Ulrike Aspock, Dr, ainsi 
qiPune disciission relative aux themes de reclierches actuelles et fiitures, animee et 
presidee comme a raccoutume par Mr le professeur HORST ASPOCK. 

Pendant Passemblee generale statiitaire de PAssociation Internationale de 
Nevropterolgie, Mr le Professeur HORST ASPOC K et Mme ULRIKE ASPOCK, Dr, 
ont ete conjointement eius presidents pour la duree du nouveau mandat, la periode 
2000-2003. 

La conference scientifique a ete prolongee par une excursion post congres 
des participants vers quelques sites interessants et spectaculaires de Hongrie, y 
compris vers de curieux biotopes naturels. Un bref apeipu de cette sortie amicale 
sera aussi insere dans le volume des comptes rendus. 

Le symposium a ete organise par le Musee Hongrois d’Histoire Naturelle. 
Toutefois, lacontribution de nombreuses autres personnes aete indispensable pour 
en assLirer Pentiere reussite. Mr Ferenc SzentkirAlyi, Dr (Institut de la Protec- 
tion des Plants de PAcademie Hongroise des Sciences), a participe de di verses 
manieres a Porganisation de la conference, sa femme, Mme JUDIT Toth a pris en 
charge les activites destinees aux personnes accompagnantes, tandis que Levente 
Abraham, Dr (Museum du Comitat Somogy), and Mr le Professeur ViLMOS 
AltbaCKER (Universite Eotvos Lorand), ont efficacement contribue a Porgani¬ 
sation de Pexcursion. 

Les participants du symposium ont accepte la proposition de Mr JOHN 
CSWALD, Dr, d’accueillir la prochaine conference au Texas (Ltats-Unis d’Ameri- 
que) en Pan 2003. Les organisateurs de la rcunion de Budapest souhaitent un plein 
siicces dans leurs entreprises a tous les nevropterologistes pour les annees qui 
viennent ainsi que facilites et reussite aux collegues americains pour Porganisation 
du huitieme symposium. 

Budapest, Mai 2001 


(jyorgy Szirnki 


VORWORT 


Beini 6. wSyniposiiim in Hclsinki im Juli 1997 wurde der BeschliiB gefaBt, das 
7. Internationale Symposium lur Neuropterologie vom 6-9. August 2000 in 
Csilleberc, in einem Waldgebiet der ungarischen Hauptstadt, zu veranstalten. 
Htwa 30 angemeldete Wissenschaftler aus 19 Liindern nahmen an dem Sympo¬ 
sium teil, es wurden 23 Vortrage und 21 Poster priisentiert. 

Die Prasentationen - von denen die meisten in dem vorliegenden Band zu 
finden sind - befaBten sich mit vielen Aspekten der Neuropterologie, die Schwer- 
punkte lagen auf Themen aus den Bereichen der Morphologie, Anatomie, Biolo- 
gie, Okologie, angewandte Hntomologie, Faunistik, Biogeographie, Taxonomie 
und Systematik. Die meisten davon sind in dem vorliegenden Band ‘'Ncuropte- 
rology 2000” zu finden. 

Eine Round-Table-Diskussion iiber die Phylogenie der Neuropterida wurde 
von Dr. Ulrikf Aspock geleitet, eine weitere Round-Table-Diskussion, und zwar 
iiber die gegenwiirtigen und kiinftigen Projekte und Forschungsthemen, wurde, 
wie immer, von Professor HORST ASPOCK veranstaltet. 

Die International Association of Neuropterology wiihlte HORST ASPOCK und 
Ul.RlKE Aspock ais Co-Prasidenten fiir die Periode zwischen 2000-2003. 

Dem wissenschaftlichen Teii des Programmes folgte eine Exkursion in einige 
besondere Gebiete Ungarns, schbne Eandschaften und weitgehend urspriingliche 
Biotope wurden besucht. Dieser Band enthait auch einen Berieht iiber die 
FLxkursion. 

Das Symposium wurde vom Ungarischen Naturwissenschaftlichen Museum 
organisiert. Zum Erfolg der Konferenz trugen auch Kollegen von anderen Insti- 
tuten bei: Dr. Ferenc Sze:ntkiralyi (Institut fiir Pflanzenschutz der Ungarischen 
Akademie der Wissenschaften) half in vielen Phasen der Organisation, seine Frau, 
JlJDir Totii organisierte das Programm fiir Begleitpersonen, Dr. Levente 
Af^RAHAM (Museum des Komitates Somogy) und Professor ViLMOS Altf^ECKER 
(Eotvds Lorand Universitat) betreuten mit uns gemeinsam die Exkursion. 

Dr. John Oswai.i:) bot an, das niichste Symposium im Jahr 2003 in Texas, 
USA, zu veranstalten. Der Vorschlag wurde von den Teilnehmern des Sympo- 
siums mit Frende angenommen. Die Organisatoren der Konferenz in Budapest 
wiinschen allen Neuropterologen ergebnisreiche Forschungsarbeit und den ameri- 
kanischen Kollegen viel Erfolg bei der Organisation des 8. Symposiums in Texas. 

Budapest, Mai 2001 


Gyori^y Szirdki 


ELOSZO 


A neiiropterologusok helsinki talalkozojan sziiletett dontes eitelnieben a 
Hetedik Nemzetkozi Neuropterologiai Szimpoziuin 2000. augiisztus 6. es 9. 
kozolt Csillebercen, a magyar tovaros, Biidapest cgyik erdos-hegyes reszen, keriilt 
megrendezesre. A szimpoziiimon niintegy harminc regisztralt kutato vett reszt, 
akik tizenkilenc orszagbol erkeztek. A redezvenyen 23 eloadas hangzott el, es 21 
poszter keriilt benuitatasra. 

Az eloadasok es poszterek felbleltek a recesszarnyiiakon vegzett kiitatasok 
minden teriiletel, fgy az anatomiat, biogeografiat, elettant, okologiat, alkalmazott 
rovartant, faunisztikat, kiilso nioifologiat eppiigy, mint a szisztematikat es taxo- 
nomiat. Tiilnyomo tobbsegiiknek az anyaga szerepel jelen kiadvanykotetben 
(„NeLiropterology 2000”) is. A fentieken liil ket kerekasztal tanacskozas is szere- 
pelt a programban. Az egyiknek a temaja a recesszarnyiiak filogenezise volt, es ezt 
a tanacskozast Dr. Ulrike Aspock vezette, mfg a masik a jelen es a jovo kutatasi 
temaival foglalkozott - szokas szerint HORST ASPOCK professzor vezenyletevel. 

A Nemzetkozi Neuropterologiai Tarsasag kozgyulesen a 2000-t61 2003-ig 
teijedo idoszakra HORST ASPOCK professzon es Dr. ULRIKE ASPOCK-ot valasz- 
tottak a tarsasag tarselnbkeive. 

A rendezveny tudomanyos resze iitan egy kongressziisi kirandulas kovet- 
kezett Magyarorszag nehany erdekes, tajkepi szepsegekben es termeszetkozeli 
elohelyekben gazdag terliletere. (A kirandulasrol szolo beszamolo is szerepel jelen 
kotetben.) 

A szimpoziumot a Magyar Termeszettiidomanyi Milzeum rendezte, de masok 
kozreinukbdesere is sziikseg volt ahlioz, hogy az esemeny sikeres lehessen. Dr. 
SzentkirAlyi Ferenc (MTA Novenyvedelmi Kutato Intezet) a rendezes sok 
lepeseben reszt vett. Felesege, Toth Judit az utitarsak szainara kesziilt programot 
szervezte es vezette, mfg Dr. Abraham Levente (Somogy Megyei Miizeumok) 
es Dr. Altbacker Vilmos professzor (Fbtvos Lorand Tudomanyegyetem) a tilra 
soran voltak segitsegiinkre. 

A resztvevok elfogadtak Dr. JOHN OSWALD javaslatat, hogy a kovetkezo 
szimpozium 2003-ban, Texasban (USA) kerliljon megrendezesre. A budapesti 
talalkozo szervezoi minden neuropterologiisnak eitekes uj eredmenyeket kivan- 
nak az elkovetkezd evekre, amerikai kollegaiknak pedig sok sikert a Nyolcadik 
Szimpozium megszervezeseben. 

Budapest, 2001 majusa 


Szirdki Gydrgy 
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OSMYLIDAE: ILLUSTRATIONS IN THE EARLY 
ENTOMOECXilCAE LITER ATURE AND THE DISCO VER Y OF 
EARLY STACiES AND CLARIFICATION OFTHE BIOLOOY 
(NEUROPTERIDA: NEUROPTERA) 

11. Aspock 


Department of Medie al Parasitedo^y 
Clinical Institute oj Uygiene, University of Vienna 
K inde rspitalif asse 15, A-1005 Wien, Austri a 
E-mail: /iorst.aspoeck@univie.ac.at 

This paper gives an accounl ofthc carly rcscarch on tho.se iiisccls now includccl in ihc family 
Osniylidac, with delailcd infornialion on firsl dcscriplions and illiislralions, nomcnclaliirc of 
Ihc firsl described species and genus, on illiislralions iinlil 1820 and on Ihe discovery of carly 
slagcs and oflhc biology. 

Kcy words: Ncuroptera, Osniylidac, hislory of cntoniology 


INTRODIJCTION 

Osmyhts fitlvicephaltts (SCOPOLI, 1763) is one ol the most conspiciioiis and 
largesl lacewings in Europe. Il has been found in almost all the Eiiropcan countries 
(Aspock et ai 1980, 2001), sometimes being qiiile abundant.* Nevertheless, Ihis 
insecl, as well as other species of the family Osmylidae, appeared in the entomo- 
logical literature rather late, and the biology also remained a mystery until the mid- 
dle of the nineteenth century. 


FIRST DESCRIPTION AND FIRST ILLUSTRATION 

It is surprising that none of the authors of the famous books on insects pub- 
lishedinthe 17thandearly 18th century-Tll. MouFPT(1634), U. Aldrovandus 
(1638), .1. JONSTON (1657), J. L. Frisch (1720-1738), R. A. E. DE Reaumur 
(1734-1742), J. SWAMMERDAMM (1752) - mentioned anything about these in¬ 
sects. 

To the best of my knowledge the first description was published by A. J. 
Rosei. VON RosenhoP' (1755) in the third volume of his famous “Insecten-Be- 


Except for ihc (^aucasiis region and ihc Ukrainc, Europe harbours only ibis spccics of ihc 
family Osmylidae (ASPOCK et ai 2001). 
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lustigLing” (Figs 1-5). In a German that sounds extremely circumstantial and 
old-fashioned tnday, he described “die kleine Land-Libelle mit braun-gefleckten 
breiten Fliigeln” (= the small terrestrial dragonfly with brown-spotted broad 
wings) (Figs 2-3) and he even said that this insect is not rare in his region (i.e. 
vSoLithern Germany). ROSEL VON ROSENHOF also provided a beautiful illustration 
(Figs 4-5), the first in the entomological literatiire. ROSEL VON RoSENHOF’s 
son-in-law, C. Kleemann, edited a Dutch translation of the “Insecten-Belusti- 
giing”, and ali copper plates were again pnblished, but on nuich better quality pa- 
per than in the German edition, and with broad margins. 


nomenclaturf: 

ROSEL VON Roseniiof Lised a very circumstantial German name only; the 
third volmne of his “Insecten-Belustigung” appeared three years before the intro- 
diiction of binominal nomenclatiire by LlNNAEUS (1758). In LiNNAEUS’ Editio 
decima of his “Systema naturae” there is no description of any insect that could be 
interpreted as an Osmylus. The first nomenclaturally valid name is Hemerohiiis 
fiilviccplialus introduced by SCOPOLI (1763) who described and illustrated the in¬ 
sect quite adequately (Eigs 6-9). Table 1 shows the synonymy. 

The species was often but erroneously called "'Hemerohiiis chrysops"' {"Os¬ 
mylus chrysops"') which is definitely incorrect. When LlNNAEUS (1758) intro¬ 
duced the name, he clearly described achrysopid. It is hardiy understandable that 
even Krijger (1912) in his remarkable monograph treated the species as 
‘‘Osmyliis chlysops ''. 

The genus Osmylus was described by Latreille (1802) for Hemerohiiis 
maculatus FABRICIUS, 1787, by monotypy (OSWALD & Penny 1991). Interest- 
ingly, in the 13th volume of his “Histoire naturelle...” Latreille (1805) included 
not only Hemerohiiis maculatus FABRICIUS, but also Hemerohiiis phalaenoides 
LlNNAEUS, 1758, in this genus. The family was formally established (as Osmylida) 
by Leach in Brewster (1815), with Osmylus maculatus only. 


Table 1. Synonyms Osmylus fiilvicephaliis (ScOPOLI, 1763) 

Hemerohiiis fiilvicephalus SCOPOLI, 1763: ViLLERS (1789) 

Hemerohiiis chrysops aucl. [nec LlNNAEUS, 1758]; SULZER (1776), Herbst & SOTZMANN (1786), 
Roemer (1789) 

Hemerohiiis maculatus FABRICIUS, 1787 

Hemerohiiis laiirifoliaeformis RazoUMOWSKY, 1789 

Osmylus maculatus (FABRICIUS): Latreille ( 1802), GermAR (1817) 


Acta 7 <)ol. hunfi. 4S (Suppi. 2), 2002 





OSMYI.IDAE: ILLUSTRATIONS IN THE EARLY ENTOMOUXilCAL LITERATURE 


17 


(3 


monat6li(t»= bfroiijflfijffitnfii 

imectni 
iffulfiguttg 

^rittcr ^|)ci( 

_ wmtii tn 

liffcr wrfcticbcncii, gi brii jii bfii brcbfii criTcii 

«titilcn «mtlalKiitiisriaiTm, «(birufii :^ir«ttn, aud) raanifcfr. ' 

l<i> SCrtcn »cn ncl)t nrurn vTlaffcit ^ 

Xuf\fn», 141^ e«m Irbfii ab.i*HI6f( »«^»(1,11« wb«n 


«Viigilir jiPiXllllI 

ron I\c>fint>cr; 


bfn briii aVrfaiTfr. 

*; I /. 



/'(jHMfrir.EO 




v.r/ 


L 






ber mcMaea in oOcm uSerein fommer, bi^ auf bic bicNli tb^fife^ 
(fn ber bic an friner i^igur mctr tvabriunebmen. 2)ic bicrtc 
mic brfannft 5lrt »en bi«f<n Crtaturen if? 

£)if flciiif £anb Sibfllf mit braim gefllfcftfn/ 

brciten Slii^cln. rab.XXI.Kig. 3 . 

f. 13 . 9tud) bi»ff< 3nf<cf foi bmirniarn nitbt unbefamif frnn; 
bif bic bc5 ©cbopfcrs in biefcn (u b^rrunbcrnpflc# 

gea, unb ni> alfo nai) ibnen urniehen; bann ti i|l felb^rtf in unfercc 
©egenb 6ftfcr« nno^n- 5)ec unD bct lange ?fib madjfn, bai 
Itb tS untcr biefe ^ibeJ.n feee, ob eiJ gleid) fonllen , ni(tt nur aQcin 
in Slnfcbung fiiner ^riffe, fonbn n a«cb ttegeu feiner IdnAfren ifufeibdr* 
ner «on ben po' iaen 9trfei unrcrf.^ieben tft. X>er .iTopf fubrrt ncb|l 
ben feititarrr^ berf- aaenbfa i?laa.’n cnebraunrcr.^e ,^arbc, brriangc 
unb 8cf(biu(ibii}c abec ipie bae id(ufU0(u(f ^ bunfeU 

braun 

2 


liiiige unb gefci?icFte 2 (meie # ^oubcr. i «7 


braun. 2)ie traep vorbern cber cbern S>u0t( Hnb breiter unb gr6(Tcc al< 
bic bintcrn, unb aud) mtt mebrrrn ecfec* brauncn ^lecfcn, oUbi^c gec 
lierer, bemc unoeacttet, fmb biefelben becb au(t (trifcbcn ibren iorten 
9becn burcbftcbcia, ubrrbaupt5 aberboben fi< oncn ^lan), ber fi( 
n«‘:*crf(b*cbeneB5arben, gleicb ewrm DxegciiJ^ogen, fpieicn raacbet. 

©ie fiinftc unb fcct)|lc 3 lrt berbicfigenSan^ 

Fig.4 unb5- 

f. 2 «. S)iefcbffben?lrtennnb ganigrufl/ unb fjnncn Bcm * 
IWIy^^abr an, bi< ju €nbe bt< 0ommet5, in jiemliAcr fl)?en0e«^ 
funbcn wcrbcn. e*c batrcn f«(b fatnebn^licb 
* auf, am bJufligdcn aber tiifft man pe auf ber ®fa<bd» unb 3a# 1 
~ :»(®taubcn an, nnb bafelbfl laffen pc ftcb au(b am 

ftrAflL Mcrte ^^tauPiciott m I 





4 


5 


Figs 1-5. 1 = ROSEL VON ROSENHOF ( 1755): Title page (Library H. & U. ASPOCK); 2-3 = ROSEL 
VON ROSENHOF (1755): Description of “Die kleine Land-Libelle...” (Library H. & U. ASPOCK); 
4 = ROSEL VON ROSENHOF (1755): Piate XXI, suppi, (vol. 3) with the insect today known as 
Osmylus fulvicephalus (Library H. & U. ASPOCK); 5 = ROSEL VON ROSENHOF (1755): Detail of 
Piate XXL Suppi. (Fig. 3) (Library H. & U. ASPOCK) 


Acta zool. hunf’. 48 {Suppi 2), 2(X)2 
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lOANNIS ANTONII SCOPOLI 


MBD. DOCT. *. C. B. BT APotT. MAIBST. M0NTAX« 
CIVITATIS lORIAI PUTSICI 


entomologia 

CARNIOLICA 

EXHIBENS 

INSECTA 


CARNIOLIAi INDIGENA 

B T 

DISTRIBUTA IN ORDINES, GENERA. 
SPECIES, VARIETATESL 

METHODO LINNi^EANA. 



V l N DO HO N Al'., 

Trrit lOANNIS THOMAE TRATTNER, 
Cabs. Rao AvtAiTYPOQK. bt Biblio»* 

MUCCLXIII. 


6 


H E M E R O BI U S. 1 

Linn. Aat. p. 549- 

706. Hemerobius Fulvicephiihis, 

' — lon<^. lin. ic. 

Dia^. Alae hyalinae; maculis niargioaiibus ve¬ 
nulisque 1'ufcis reticulatae. Caput fulvum. Corpus 
nigricans. . _ 

Circa aquaeductus Fodinarum LU ienJtum^ non n- 
rus. 

Facies Hem. Formicedeonis^ fed antennae mini¬ 
me clavatae. Alae acuminatae. Oculi fufco.vire- 
fccntes. Collum utrinque dentatum. Caput ful¬ 
vum; tuberculis tribus occipitalibus. Palpi tulvu 
Abdomen inflexum, antennis longms. Corpus ni¬ 
gricans, lin. ( 51 ) longum. 

707. Hemerobius Flavvj* 

— long. lin. 




Figs 6-9. 6 = ScoPOLI (1763): Titie page (Library H. & U. ASPOCK); 7 = ScOPOLI (1763): Descrip- 
tion of Hemerobius fuhicephalus (Library H. & U. ASPOCK); 8 = SCOPOLI (1763): Handwritten titie 
page of one of the few existing copies of the volume containing the illustrations (Library 
Naturhistorisches Museum Wien); 9 = SCOPOLI (1763): Piate with figures 703-736 (706 = 
Hemerobius fulvicephalus) (Library Naturhistorisches Museum Wien) 


Acta zool. hung. 4H (Suppi. 2), 2002 
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ILLUSTRATIONS UP TO 1820 

After Rosei. VON Rosenhoe ( 1 755) and SCOPOLI (i 763) and before 1820, 
illustralions o\' Osmylusfulviccphaliis wcrc piiblishcd by SCIIAEFFER (1769), SUL- 
ZER (1776), Merbst and SOTZMANN (1786), Roemer (1789), ViLLERS (1789), 
Donovan (1797), Olivier (1797), WlElIEEM (1798, 1811), SllAW (1806), CiER- 
MAR (1817) and SAMOUELLE (1819) (Table 2). 

These illiistrations are of very dilTerent qiiality. ROSEL VON RoSENIIOF’s fig- 
urc is certainly one of Ihe best, but Ihe figures published by SULZER (1776) and, in 
particLilar, that of DONOVAN (1797) are also of a liigh Standard, while those of 
Merbst and Sotzmann (1786), Olivier (1797) and, parlicularly, of WILIIELM 
(1798, 1811) and of CiF.RMAR (1817) are incredibly poor. As in many olher caiiy il- 
liislrations of Neuropterida litlle attention was paid to correct drawings of Ihe wing 
venation by niany aulhors, particiilarly if other characlers were sufficienlly con- 
spiciioiis to ensiire recognition of the insects (ASPOCK 1998, 1999). 


DISCOVKRY OF HARLY STAOHS AND OF THE BIOLOC^Y 

When R()SF:l VON ROSENIIOF' described the insect for the first time in 1755, 
he had no idea how it developed, and throughoiit almost the following hiindred 
years the early stages and biology remained iinknown. Some of the eaiiy authors 
mentioned association with moist habitats. SCOPOLi (1763) wrote “circa aquae- 
diictiis Fodinarum Idriensium, non rarus.“ DONOVAN (1797) stated “Like the 
ephemerae ... it delights in moist places particiilarly among weeds. The larva is un- 

Tablo 2. Aulhors of piiblications wilh illuslrations ofOsmylicIac (ali rcpresciUing Osmylus fulvice- 
plutliis SCOPOLI. 1763) bcforc 1820. (In chronological ordcr ofthc perlinent piiblications.) 

AuCiUSTJohann R()SEL VON Rosenhoe (1705-1759), Cierman(orAiislrianorigin); 1755: Figs 1-5. 
JoiIANN Anton SCOPOLI (1723-1788), Aiistrian; 1763: Figs 6-9. 

JaCOB Ciirlstian SCHAEFFER (1718-1790), German; 1769: Figs 10-1 1. 

JoiIANN IIEINRICII SULZER (1735-1813), Swiss; 1776: Figs 12-14. 

JoiiANN Friedricii Wilhelm I Ierbst ( 1743-1807), German, and D. F. Sotzmann (?-?), German; 
1786: Figs 15-17. 

JOIIANN Jakob Roemer (1761-1819), Swiss; 1789: Figs 18-20. 

Charles Joseph de Villers (1724-1810), Frenchman; 1789: Figs 21-23. 

Edward Donovan (1768-1837), Englishman; 1797: Ings 24-26. 

Antoine Guillaume Olivier (1756-1814), Frenchman; 1797: Figs 27-29. 

Gottlob Tobias Wilhelm (17..-181 1), Austrian or German (Bavarian) 7; 1798: Figs 30-32. 
George Shaw (1751-1813), Englishman; 1806: Figs 35-36. 

Ernst Friedricii CJermar (1786-1853), German; 1817: Figs 37-38. 

George Samouelle (17..-1846), Englishman; 1819: Figs 39-40. 


Acta zoal. huna. 4S (Suppi. 2). 2002 
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Tabvi.a CVU 




Fig. 10. SCHAEFFER (1769): Piate CVIl. (Library H. & U. ASPOCK) 


Acta zool. hung. 48 (Suppi. 2), 2002 
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Takvi.a CVU. 


11 





12 


14 

Kigs 11-14. 11 = SCHAKFFKR (1769): DelaiI o('Piate CVII (Fig. I) (Library H. & U, ASPOCK); 12 = 
SULZER (1776): Titie page (Library H. & U. ASP()CK); 13 = SULZER (1776): Piate XXV. (Library II. 
& U. ASPOCK); 14 = SULZER (1776): DetaiI of Piate XXV. (Library H. & U. ASPOCK) 



Acta zool. hung. 4H (Suppi. 2). 2002 
























22 


H. ASPOCK 




16 



17 


18 


Figs 15-18. 15 = HERBST & SOTZMANN (1786): Title page (Library H. & U. ASPOCK); 16 = HerbsT 
& SOTZMANN (1786): Piate 320. (Library H. & U. ASPOCK); 17 = HERBST & SOTZMANN (1786): 
Detail of Piate 320. (Library H. & U. ASPOCK); 18 = ROEMER (1789): Title page (Library H. & U. 

ASPOCK) 


Acta zool. hung. 4S (Suppi. 2), 2002 
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CAROLI LINN^I 

E N T O M O L O G 1 A, 

FAUN^ SUECICA* DESCRIPTIONIBUS 
AUCTA; 

DD. Scopo it f Cworr nor, nr Gtwm, F a n tc 11, 
Sc M a M y a, &c. /peciebu t vel in Syftemate non enume^ 
r<iiis , vel nuperrime deiedis , vel fpeciehut Calliee 
Aujlralit loiupletata , generum fpecierumque rariorum 
iconibut ornata ; 

Curanre & augente Caroi.o de V'iliers, Acad. 
Lugd. MafTiI. Villa-Fr. Rhotom. nccnon Gcoinctrix 
Hcgio Profcflbre. 

TOMUS TERTIUS. 



L U (; D u N I, 

iumptibus PlESTRE ET DF.LAMOLLIERK. 

_ '7^9 
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Figs 19-22. 19 = R()I:mer (1789): Piate XXV. (Library H. & U. ASPOCK); 20 = Roemer (1789): De- 
tail of Piate XXV. (Library H. & U. ASPOCK); 21 = VlLLERS (1789): Title page (Library H. & U. 
ASPOCK); 22 = VlLLERS (1789): Piate VII. (Library H. & U. ASPOCK) 


Acta zool. hitufi. 4H (Suppi. 2), 20()2 
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known, but is conceived to be of the aquatic kind.” Latreille (1805) mentioned 
similarly “Ces insectes habitent plus particulierement les lieux frais et humides” 
and Stephens (1836) wrote “...found in great abundance in some places, espe- 
cially on the margins of a brook..Shortly after that, Stein (1838) found a pupa 
which yielded an Osrnylus. He described the exuvia and stated that it had come 
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Tnr 


N A I U U A L n I S T O R Y 

O f 

BHITFSII INSECTS; 

KXPLAININC THEM 


IN TIIEIB SE VERA I. STATES, 

iriTH Tiii rF-Rioi)'. of thfir transformations, 

lUtlH FOOD. IKCONOMV. 


IIISTOKV ()l SUCJI MIXUTL IXSFXTS 

AS REQLMRE 1 K V tSTIC A T | O M *Y Tll». MICROSlOrK. 


C o L O U K E I) E I G U R E S, 

DESIONEU AXD EXECITED FROM LIVINC SFECIMEXS. 


B Y E. D O N O V A N 


L O N I) O N : 

PRIIITIO POR THI AuTHOI, 

Ar(I for F. and C. IUvirctoji, N* 62 , St. Pawl's Cucrcii-Yard. 
u pcc XCVII. 



Figs 23-26. 23 = ViLLERS (1789): Detail of Piate VII. (Library H. & U. ASPOCK); 24 = DONOVAN 
(1797): Title page (Library H. & U. ASPOCK); 25 = DONOVAN (1797): Piate 188 (Library H. & U. 
ASPOCK); 26 = DONOVAN (1797): Detail of Piate 188 (Library H. & U. ASPOCK) 


Acta zool. hung. 48 (Suppi. 2), 2002 
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IVom moist soil. (“Die Puppe lebt an Wassergraben, wahrscheinlich .. .im feuchlen 
Erdboden. Wenn sie sich verwandeln will, kriecht sie aus dem Gras hervor.”) 

In 1839 H. C. BURMEISTER, author of Ihe famous Handbook of Entomology 
and an authority of outstanding reputation, doubted that the larva lived in moist 
soil, but assumed that it was also a predator of aphids and similar to larvae of 
Chrysopa. In the same work BURMEISTER described the second known species of 
the family Osmylidae, Osmylus strigatus (now Porismus sthgatus) from Australia, 
84 years after ROSEL VON ROSENHOF’s first description and 76 years after 
ScoPOI.rs first valid description of an osmylid. 

In 1848 L. Dufour, author of an outstanding study of the morphology and 
anatomy of the adult stage of Osmylus fulvicephaliis, wrote that the biology is ab- 
solutely unknown (“...on ignore completement ses metamorphoses, son genre de 
vie../’). 

At that time in Vienna, a boy named Eriedrich Moritz Brauer, born in 
1832, grew up as a young enthusiastic entomologist. While stili a teenager he be- 
gan his studies on the biology of Neuroptera, and among these also on Osmylus. He 
found the larva at a brook near Grinzing (a village west of Vienna, today a part of 
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Fifrs 27-28. 27 = OlJVIHR (1797): Title page (Library H. & U. ASPOCK); 28 = Olivikr (1797): Piate 

96. (Library H. & U. ASPOCK) 
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Figs 29-32. 29 = OLIVIER (1797): Detail of Piate 96. (Library H. & U. ASPOCK); 30 = WiLHELM 
(1798): Title page (Library H. & U. ASPOCK); 31 = WiLHELM (1798): Piate X. (Library H. & U. 
ASPOCK); 32 = WILHELM (1798): Detail of Piate X. (Library H. & U. ASPOCK) 
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Ihe City) and studied the biology. As a pupiI of 18 he presenled his findings at a 
meeting of naturalists in Vienna and one year later, in 1851, he published his re- 
sults (Figs 42-43). Stimulated by, and based upon Brauer\s findings, and with 
the help of living material sent from Vienna to Konigsberg (now Kaliningrad) in 
Eastern Prussia (today Russia) Hermann Hagen carried out extensive and thor- 
ough studies on the life history and anatomy of Osmylus. He published a remark- 
able paper (HAGEN 1852), which is a masterpiece of observation and anatomy in 
entomology for the middle of the 19th century (Figs 44^5). 


IIISTOIRE NATTTRFLLE, 

GENERALE ET TA H T 1 CU LI E 

DES C 11 U S T A C S 

li T IJ E S 1 N S i; C T E S. 

O U V R A o B fiitant »uil« k rilisloirr Nalurrllr 

ct p«rticulifcrr, c-ompuitfe par nr. licrroM, 

ct ptr C. S. S o n n i n i , nicmlirc Jo plusicun 

SociclAt a.ivantc». 

PAR p A 1 . A r n i: I I. L i:, 

M K M « M t ..«.H ,|r ; it .titiit .!. I'i III. r , Jr'» 

IJiiiirr iiM- (!• I..>ii.Im X, l'|. I ..II . ( Ii i.| ,11. *- < • . ii .m lt'- <lr |*4ri< , 

Ct ilrrcllrilr. |1. !! .t Ait* il. Il.ir.l.iilit. 

i'AMiLi.i:.s N \ ri II r. 1 . 1 . i;s niis <.r.NRi:*s. 

T O M i: '1 II o I s I i: M i:. 



DE L’l M P H I M E R I E U£ F. DUFART. 
A N X. 
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T> r. .s G E N R E S. jgi) 

Corp$ aionft^>. TiU iargt , arrundi*’. Yrnx globulf-ux, 
I'*r9mur »tgmrnt du t'orael 0 t court tt tnfonci ^furmai^ 
Mnr 0 *pec 0 dt cuu. AiU* tri» grandes , tmntiparcnU» , 
en toit dan» U rtpot ; c6u det tupirieurtM ou 

ujrani un angie margirtai di\ttngu^ par une nervurx 
longitudtnaU du rette de VatU. Abdomen pretqtu 
vyltndrufn *, at^ui. 

(Jfiin*. I li MEiioiii:;Aiilonnes 
& articles r> liii(lri(]iirs. aiTicle dos 

|>4il|>os niiixillaii(vs al(iii^<’* , pro.stjuo cyiiii- 
clri(|iio , obUis. NEitidihiilos |)t'lilo.s, puiiit 
sailluiitos hui^ do Ia IcNi t* siipoi ieui e. 

d*uint ile petits y rttx lisuei, 

r.XfUtpIc. //*mt n>6tu* pt I tu. I.in. 

• (ifiirt*. () s .M N i.i- osmyiux. Aiilrnnes k 
arii('l('$ j;iciiiis. Dia nin hi lic io dos palpos 
iiiaxillnir(‘s ovalairo, {M>iiilu. Alaiidibules 
sailiaiiltis. 

Des petite yrux lineet. 

Lxrmpir. /lemrrobiut mai ulatua. T. ( I/lii‘iitcrob# 
aqutiliiiuc. («rolT. ) 


r A M I I. E r. 0 u \ T 11 I E M R 

M LCiAi.oPTKREs \ mcgalopUra, 

Anloiinc*H «'laoc^fs «u filiroriiios, d’tm 
graiul iiotijbn* d'urhclt'i. .Maiidibidcrs IWlcs^ 
i/w. ToMjfi 111. T 


Figs 33-34. 33 = LaTREILLE (1802): Titie page (Library H. & U. ASPOCK); 34 = LA I RldLLE (1802): 
Descriptiori of D.s7;/v/ilv (Library H. & U. ASPOCK) 


Af/a zooi himg. 4S (Suppi. 2), 2(H)2 
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OUTLOOK 

When Brauer and Hagen published their findings, only two species of the 
family were known. Today we know about 160 described species assigned to 23 
genera and 8 subfamilies. The distribution of the Osmylidae includes Europe, 
Asia, Africa, Australia and South America. It is possible that our planet harbours 
about 200 species of Osmylidae comprising a considerable biodiversity. The biol- 
ogy of most is entirely unknown - a large open field for future research. 



(iKNKKAl. Z00IA)<;Y 


AVA* 7 >/.l/./ 77 <r . \ ;/ 7 Y /*.//. f/l\TOin 

- //,- - 


c; KOU(; K Hliww M . I 1\ K.S Xv. 

//7 / 7 / /V. // / V 

Iroin ih.- In si Aiiihoi it h > m.l ,„,.m s« Ii « i s|.rriiii. nN 

M! iiKA i ii X MV(;kih rrii 


I.nitcliin I.U iv K.mll.-v Klcri Sln< J 


35 



37 


36 


OSMYLUS MACULATUS L.ir. 

O. MACULATUS: niger, capite pcdibusqai teftaceii-, alis hirtif: fu- 
pcris et inferarum limbo coftali nigro maculatis. 

Latu. Hift. nat. dea Craft. et det Inf. tona. XIII. p. 3 g. 

Gen. Cruft. et Inf. 3 .197. 1. 

Fabe. Ent. fyft. a. 83 . Htmtrobiut maculmtmi. 

Rois. Inf. Bel. tom. UI. ub. 21. bg. 3 . 

Habitat in Gallia, Germania, locis aquaticis- 
Magnitudine naturali depictus. 


(FaIc. VI Tab. 17.) 


Figs 35-37. 35 = Shaw (1806): Title page (Library H. & U. ASPOCK); 36 = Shaw (1806): Detail of 
Piate 83. (Library H. & U. ASPOCK); 37 = Germar (1817): Text to Fasc. VI, Piate 17. (Library H. & 

U. ASPOCK) 
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THE 

J: N T O I\I () 1. () G 1 S T’S 
asfful ComprnUtum; 

OK 

AN INTKODUCTION TO THE KNOWLEDGE 

or 

BHlTiSH INSECTS, 

I OMPBIMJiO 

THE BEST MEANS OPOHTAINING AND VnRSRRVING TIIBM, ANO 
A DKSCRIITION OFTHE APPARATUS GBNBRALLY USBD; 
ToorrutK wrtM 
THE fSENERA OF LINNE, 

AMD 

11«« Motiern Method of amuiging thr Cliisscs Cnistacra, MjTupodai, 
Spidrr», Milm oiid lus^u, Irum llicir Ailiiiiun and 
Structure, accurding Iu ibc viewa td' Dr. Lkacii. 


AN EXPLANATION OP THR TRRMS USKO IN ENTOMOI,OOYi 
A CAIXNDAR OP THE TIMES OF APPEAR ANCE AND USUAL SITI ATIONS 
OF NEAR 3.000 SPECIES OP RRITISH INSECTS} 

WIIM 

iNsravcTioMs rom coi-lcctimo ako r ixo cp oaiects 
poa TUK MiraoaroPK. 

lUuttraUd wUk Twelve Plutt$. 


BY (iEOnCiE SA' BELLE, 

A^iociATt or Ta« iiaatAH «ocimr or lumdud. 


LONDON; 

1'RINTID FOR T7IOMAS BOYS, Wu. 7, l.l’nOATl IlILL. 
(raoM IMA a» PATaaaoaraa a«wO 

I81f>. 



Figs 38-41. 38 = GERMAR (1817): Piate 17 of Fasc. VI. (Library H. & U. ASPOCK); 39 = 
SaM 0UELLE(I819): Titie page (Library H. & U. ASPOCK); 40 = SAMOUELLE (1819); Piate 7. (Li¬ 
brary H. & U. ASPOCK); 41 = DUFOUR (1848); DetaiI of piate sbowing an imago of Osmylus 
fulvicephalus (Library Naturhistorische.s Museum Wien) 
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% or\«niMl|||iig%K«.Moliicli(o (l(>« Owiiiyliift 

Von 

■''ririlrirh It ri% h «• r in Wicn 
(Ilirrau Tnr. III Ki|t. I. « » <>.) 

I. MpMchrcibiin^' «Ior I.r rv <•. 

An (ieiii <»>)ileii kupf d« r LnrM! , wi<- bci tlen 

BItilllausIbwrii, /.«ci Siiu«inuiKrii «Ji.- 1 '" Innt:, uud nichl wic 
Iwi dieheti ciMMurl-s sondi-rn Tubi «trad»! iiiul mu dir SpMze 
aUbwArlit Kt‘bi)^'i.‘n biud> Au'>>«'rdfiit hind stc un der SpeiUc 
noch aufwart.s t«ir br.slchcii •■bfiilall» mun zv^ci Thei- 

leii, eiutMii ubrrtMi (di-r (ibfrku^for de?» MdlnidvU-ii Iit.sokJvbj 
und 1*1110111 unlorni (dor ridorkiidor dot> voiloiidolt!ii lu,>>«*k- 
los), voii dorioii dor uniore TlioiI luti uiiloroii KopI em Slu« k 
hiiilcr doui oborii c in((»drrikl ibl, st» duss dii* .Sptl/o ilo.s oborii 
ubor dio Spit/.o dos unioron Tbi-ilos oImhs iuuuboril)i« 
Zuii);« n ktiHiioii «bor iiobsl doni ttu» h iiu hl m» woil (^tMifTnol 
vverdoil , \M0 boi doii tUtiIllaiisloHoii, und iiii Kuliozusland 
liogoii Mo Huloiii iiiilor , MI dass mo >i< ii \uii dor .Mille bia 
y.iir Spilzo doi kon Iliro l•lllln• isl l’•ltbbr<iUll ,\n dor Kiir- 
lonkun^ in tion Kupf sind sio broiior uud riindlit li iiiiljfolrio- 
bon. Zwisfhon don Ztinyon sIi hon, xio boi dni iilMlIlau.s- 
lowoii, aul oiiioiii kloiiii n uxideii >• Itilih lioii tlie Lippiuilaslor, 
A\olt;ho Morgliotirig siiul. Droi di r i iiizolnon (jliodor dor- 
solbon sind lyliuJnsrii, uordou niiiner kur/.or, uud diis \iorlo 
i.sl fadonldriiiigf. .Noboii tlm Zaiigou slolioii dio Fublcr, dio 
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|)ii- 

«ihI <lor li»ii 

v.,fi 

it. iiuiivit MI hniii^s liorj;. 


IKo frulioren Zuslintlo diosos iiilorossiiriloii Tlm ros. O. olirysups 
IJnnr = mu» ultilus iiiil., luiboii sioh lanae tleii \uaoii der Kn- 
(umoltigon vorburaon. .V/o</»‘s Kiil.leokuiia dor ab;roslroinon Pup- 
penhaiit (.n ie^/noM» '' .\ri lii\ iSi'') und Unitu r a Enldoekuiig 
d« r Lnno (obonda Iiabon oiidlioh don Sohioior golunel. 

Xalurlioh orfulllo dio erslo Naoliriohl tliosom gliioklichoii 

Fundo niiob niil lobliurioin Verlanjron, diosos siois \orpoblii li go- 
suchte Tbior st;lbsl boobaolilon zu konnon. Hoir Urauer «ar so 
giilig, mir «*inigo Sliicko iii Woingoisl untl iindoro lobond (iii 
feiu-hleni Muos sorpai kl halion sio die Hoiso von \\ ion naeli Ko- 
iiigsborp in seclis Tagon giil uborslandoii) zu iiborsondon. Naoli 
den uber ibron Aufenlliall iiiilgollioilloH Holails golang es mir, 
trolz dos ungunsligsloH Wollors und nocli vorliiindonon Eisos, an 
oinom Baclio, in dosson l nigobung ioh sonsi Mille Juli dio imago 
liaulig gofangen ballo, den 22 . April dio Larvo iiiioli hior an oi- 
n»‘m EUornslubbon unior Mot»s siizond anzulrolTon. .\llordings 
war hio bodoulond kloinor ais die vollslan.lig ausgowaolisenen 
Wiener Evomplaro und sichlliob kaum aiis doni Winiorschlaf er- 
vvachl. Ein hiosigor ftdooplorolog vcrsichort, dass or schoii frii- 
hor in der naohslon 1 'iugobuiig Kdnigsborgs an aliiiliohon Lokali- 
lalen dicso Larvo nichl sidion angolrollon liabo. Icli habe ubri- 
gens spaler Milio Mai ungoaohiol dor sorgfalligslon Nacbsiirhun- 
gcn an jcncn Orten wcdor Larve noch Puppe lintion konncn untl 
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Figs 42-44. 42 = Brauer (1851): First page (Library Naturhistorisches Museum Wien); 43 = 
Brauer (1851): Detail of piate with the oldest illustration of the larva of Osmylus fulvicephalus (Li¬ 
brary Naturhistorisches Museum Wien); 44 = Hagen (1852): Title page (Library Naturhistorisches 

Museum Wien) 
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45. HAGEN (18.52); Piate with egg. larva, pupa and varicus morphological details of Osmylus 
ftilvicephalus (Library Naturhistorisches Museum Wien) 
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THK BIOLOGY OF RAPHIDIOPTFRA: 

A REVIBW OF PRESENT KNOWLEDGE 

11. Aspock 

Department of Medical Parasitology, Clinical Institute oj Ifygiene, University of Vienna 
Kinderspitalgasse 15, A-1095 Wien. Austria; E-mail: horst.aspoeck@univie.ac.at 

Basic information oii Ihc systematies and distribulion oflhc order Raphidioptera is provided, 
followcd by dctails oflhc biology ofsnakcnics willi respeet lo habitals, substrates upon which 
they dcvclop, food of adiilts, food of larvae, lifc cyclcs, prolhetcly, mating and oviposition, 
parasiles and parasiloids, hyperparasites, possible cconomic imporlancc, and rcaring methods. 

Kcy words: Raphidioptera, biology, systematies, distribulion, parasiles, parasiloids, rearing 
methods 


INTRODUCTION 

Raphidioptera werc among Ihe mosl pooiiy investigated insects before 1960, 
and Ihere was very littie information on the biology of snakcflies. Diiring the past 
40 years, liowever, both families of the order - Raphidiidae and Inocelliidae- have 
been the subjects of intensive researcli in all major parts of the world where 
snakellies occur. The niimber of known species has increased considerably, from 
62 in 1960 to 206 species, which means that aboiit 70% of the known species have 
been discovered within this period. Almost all of these have been stiidied alive, 
partly as adiilts but mainly as larvae in the field, and particularly in the laboratory 
during rearing of immature stages. 

The aim of this review is to summarize what we know and what we do not 
know, and to outline open questions of particular significance, also in the context 
of a possible role of snakellies in integrated pest control. 


BASIC SYSTEMATIC FEATURES 


The order Raphidioptera is a relic systematic group of “living fossils” 
(Aspock 1998/;, 2000), that comprises two extant families, Raphidiidae (with 185 
described valid species) and Inocelliidae (with 21 species). The estimated total of 
extant snakeflies is about 260 species. The Raphidiidae are assigned to 25 recog- 
nised genera that comprise 7 (probably monophyletic) species groups" (group I, II, 

* For the former group V scc foolnote lo Tablc 1. 
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III, IV, VI, VII, VIII), while thc Inocelliidae include 6 genera (ASPOCK etal. 1991, 
1998). A computerized cladislic analysis, including molecular biological data, is 
prcsently being carried out. The extanl snakeilies are the remaining - and appar- 
enlly far distant - twigs of many more branches ofearlier geological periods: the 
Mesozoic biodiversity of the Raphidioptera was indeed much richer (ASPOCK 
1998, 2000). 


DISTRIBUTION 

Extant Raphidioptera are confined to the Northern Hemisphere and, more- 
over, almost excliisively to the Holarctic region. In Central America the southern- 
most records are from high altitudes at the Mexican-Guatemalan border. In Africa 
they have only been found in arboreal regions (Lc. in mountains) north of the Sa- 
hara, and in Asia the southernmost records are from altitudes above 900 m in tran- 
sition areas from the Palaearctic to the Oriental Region in Northern India, 
Myanmar and Northern Thailand. It is of particular interest that the northern and 
eastern parts of North America lack snakeilies. Moreover, there is no genus or spe¬ 
cies with a Holarctic distribution, and almost all species are restricted to very lim- 
ited areas of a refugial nature, sometimes even being restricted to a certain moun- 
tain range. Only three species manifest the Eurosiberian type of distribution 
throughoLit Northern Asia to Northern and Central Europe. A few species with 
Mediterranean distribution centres in Europe have expanded their distribution to 
extramediterranean parts of Europe, while a few species in North America with 
distribution centres in the Southwest, succeeded in reaching the south of Canada al¬ 
ter the last glacial period. 


HABITATS 

wSnakeflies are confined to arboreal habitats, although in the broadest sense 
including all types of forests, macchias and even biotops with scattered shrubs. In 
the northern temperate zones they occur from sea level up to the timberline. In the 
warmer (temperate) zones the Mediterranean, the Middle East, Central and 
Eastern Asia and Central America), they are confined to higher altitudes, occurring 
particLilarly between 1000 and 2000 m, but even reaching 3000 m in some parts. 

In Europe they are typical inhabitants of coniferous as well as of deciduous 
forests, in Mediterranean regions a few species even occur above the treeline 
where there are only single bushes. In Central Asia they are characteristic insects 
of rocky slopes with single trees or shrubs (see illustrations in ASPOCK ct ai 1999) 
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and in Hastern Asia as well as in Central America they inhabit Ihe pine forests in 
particiilar biit also forests witli decidoiis trees. 


SUBSTRATHS OF DEVELOPMENT 

Since the first detection of a larva of a snaketly aboiit 200 years ago by 
Latreillp (ASPOCK 1998rz), and throughoiit the whole I9th and until the second 
half of the 20th centiiry it was believed that larvae of Raphidioptera live exclu¬ 
si vely under bark. The presence of a long ovipositor in all snakenies, very suitable 
for laying eggs deeply under the bark, seemed to be a convincing confirmation of 
this assumption. We now know that all Inocelliidae, but only a part (probably even 
the smaller part) of Raphidiidae probably develop under bark. The majority of 
Raphidiidae have larvae that live in superficial layers of soil, particularly in the de¬ 
tritus around the roots of shrubs, possibly sometimes even in crevices of rocks (Ta- 
ble 1). 


l'al)le I. Biology of Raphidioptera: dcvelopmeiit of larvae under bark (corlicolous) or in superficial 
layers of soil/delrilus at the base of sbrubs, trees etc. (terricolous) 


Eaniily, genus-group, genus, subgenus 

corticolous 

Nuinber of species 

terricolous corticolous and 
terricolous 

undari fied 

RAtntlDIlDAE 





(froup 1. 





Phaeosti^nnx Navas s. 1. 

13 

13 

9 

6 

PJuieosti^tmx Navas s. str. 

6 




Graecoraphidiu 11. A. et U. A. 



3 


Crassorciphidia Ii. A. et U. A. 


1 

2 


Magnoraphidici 11. A. et U. A. 

5 



1 

Pontoraphidici 11. A. et U. A. 


4 



Aegeorciphidia II. A., U. A. et R. 


4 

3 

1 

Caucasoraphidia 11. A. et U. A. 

2 




Supcrborciphidia II. A. et IJ. A. 


3 

1 

1 

Mirorapfiidici 11. A. et U. A. 


1 



Species not assigned to a subgenus 




3 

Dic/irostigma NavaS 


3 


1 

Tjedcrirapludia 11. A., U. A. et R. 

1 
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Tablc 1 (continucd) 

Family, genus-group, genus, subgenus 

Number of species 


corticolous terricolous corticolous and unclarified 


terricolous 

Tnrcoraphidia H. A. et U. A. 

4 1 

Iranoraphidia H. A. et U. A. 

1 

Tauroraphidia H.A.,U. A. etR. 

2 

Subilla Navas 

9 

Ornatoraphidia H. A. et U. A. 

2 

Xanthostigma Navas 

1 1 3 

Parvoraphidia H. A. et U. A. 

3 

Ulrike H. A. 

2 

Raphidia L. s. 1. 

3 4 7 1 

Rcipliidia L. s. str. 

3 2 6 1 

Aserbeidsluinoraphidici H. A. et U. A. 

1 

Nigro raphidia H. A. et U. A. 

1 1 

Group II 


Atlantoraphidia H. A. et U. A. 

1 

Harraphidia STEINMANN 

2 

His pano raphidia H. A. et U. A. 

1 

Africoraphidia U. A. et H. A. 

1 

Ohmella H. A. & U. A. 

4 

Italoraphidia H. A. et U. A. 

1 

Pune ha Navas 

1 

Group III 


Venustoraphidia H. A. et U. A. 

2 

Mauro raphidia 11. A., U. A. et R. 

1 

Group IV 


Tadshikoraphidia H. A. et U. A. 

2 

Group VI* 


Mongoloraphidia H. A. et U. A. s. 1. 

9 16 1 29 

Japanoraphidia H. A., U. A. et R. 

1 

Formoso raphidia H. A. et U. A. 

3 

Kirgisoraphidia H. A. et U. A. 

2 1 

Mongoloraphidia H. A. et U. A. s. str. 

3 9 

Hissaroraphidia H.A.,U.A.etR. 

7 

Ferganoraphidia H. A. et U. A. 

1 

* Group V {Usbekoraphidia) has turned out to be a senior synonym of Bureschiella and is now 


(stili) regarded as a subgenus o\' Mongoloraphidia (ASPOCK et ciL 1998). 
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Tahic 1 (continucd) 


Iniiiiily, genus-group, genus, siibgcnus 

Number of spccics 



corlicolous tcrricolous corlicolous and 
Icrricoloiis 

undari ficd 

UshekorciphidUi H. A. cl U. A. 

3 


Kiisachoraphidia H. A. cl U. A. 


1 

Ncomarlytwvitdki II. A. ct U. A. 

2 


AUitauoraphidia II. A. ct U. A. 

1 

5 

Spccics nol asigned to a subgcniis 

1 12 

3 

(iroiip VII 

A^idla Navas, s. 1. 

4(?) 1(7) K?) 

1 1 

A}^idla Navas s. sir. 

4(7) 1(7) 1(7) 

5 

Ckivici Navas 


4 

Frcinciscoraphidci II.A., U.A. ct R. 


I 

Ccdifonioraphidia II. A., U. A. ct R 


1 

(ipoiip vni 

Alcmi Navas s. 1. 

3 

5 

Alemi Navas s. str. 


1 

Mexiconiphidnx IJ. A. ct II. A. 

1 


Aztckoraphidnx IJ. A. cl II. A. 

2 

4 

INOCELLIIDAE 

hihla Navas s. I. 

4 


hihla Navas s. str. 

3 


Rc isse re Ha II. A. cl U. A. 

1 


Rarainocellm 11. A. cl U. A. s. 1. 

4 

1 

Rarainocellia II. A. cl U. A. s. slr. 

4 


Amurinocellia II. A. cl U. A. 


1 

Inocellia SCHNEIDER 

6 


Indianoinocellhx U. A. cl II. A. 

2 


Ne}>fia Navas 

3(7) 


Sininocellia Yang 


1 

TOTAL 

71 53 19 

62 


FOOD OF ADULTS 

As far as we know, Ihe adiilts ofall species of Raphidiidae are enlomophagous 
with a distinet preference for aphids and other wSternorrhycha. In captivity they may 
be fed with any arthropods, even strongly sclerotized species, il these are injured. 


Acta zool. hutifi. 4S (Suppi. 2). 2002 












40 


H. ASPOCK 


Aclult snalceflies have repeateclly been observed to feed on pollen, and pollen is 
sometimes found in Ihe gut when imagoes are dissected. Whether pollen is neces- 
sary, or whether it improves the condition (or prolongs the lifespan), is not known. 

The natural food of Inocelliidae is virtiially unknown. We have never ob¬ 
served any inocelliid feeding on an insect; however, this need not be necessarily con- 
clusive. In captivity they take an aitificial diet. Pollen has veiy rarely been found in 
the gut of adult inocelliids, but no special investigations have been carried out. 


FOOD OF LARVAE 

Ali stages of the larvae of all species of both families are entomophagous, 
feeding on a great variety of (preferably soft-bodied) arthropods. Virtually no spe¬ 
cial field studies have, however, been carried out to investigate the question of 
food under natural conditions. Potential prey may include eggs and larvae of any 
insects, pailiculaiiy Lepidoptera, Hymenoptera, Coleoptera, larvae and adults of 
Psocoptera, Auchenorrhyncha and Sternorrhyncha, and also Collembola, mites 
and spiders (ASPOCK et ai 1991, Kovarik et ai 1991). It is suggested (but not re- 
ally proven) that corticolous larvae may hunt for prey on the bark at night, which 
woiild be of great importance with respect to the selection of food. It is also not 
known how far they may move during the night (if they really migrate). 

There is no doubt that the spectrum of prey must be considerably different in 
corticolous larvae on one hand and in larvae living in the soil on the other. Again, 
no field studies have been done. Under experimental conditions bark-dwelling and 
soil-dwelling larvae do not show any differences in their feeding behaviour. 


LIFECYCLES 

During the past three decades several thousand larvae of a considerable num- 
ber of species of Raphidioptera have been kept in captivity and largely reared to the 
adult stage. Many observations have consequently been recorded (ASPOCK et al. 
1974a,/7, 1975, 1991, ASPOCK rz/. 1992, 1994rz,/ 7 , 1995, Kovarik et al. 1991, 
Rausch & ASPOCK 1992, wSUNTRUP 1990). The number of larval instars is not 
fixed, it varies around 10-1 1, but may reach 15 or even more (ASPOCK et al. 1991, 
Kovarik etal. 1991). 

The egg stage lasts, probably in all species without exception, a few days up 
to three weeks only. 
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The larval period Iasis at leasl (in few species of Raphidiidae of groiip I and 
o\' Af^iilla) one year, in most species two or lliree years and, at leasl under experi- 
menlal condilions, in some individiials of sonie species several (iip to six) years. 
The prepupal stage is always a short period ofa few days diiralion only. 

The diiralion ofthe pupal slage depends on Ihe time of piipation. In the major- 
ity (mosl genera of groiip I excepi Tjederiraphidia and Orn(it()raphidia\ genera of 
groiips 111, IV, and Vll; most Inocelliidae) pupation (iisually) takes place in spring 
and Iasis a few days iip to aboiil three weeks (life cycle type I). 

In some (or all) species of a few genera of Raphidiidae (life cycle lype II; 
rjcdcriraphidia, Ornatoraphidia, Atlantorapliidia, /larraphidici l/ispanoraphi- 
dia, Africoraphidia, Ohnudla) pupation (usually) takes place in summer or au- 
lumn, and the pupal stage Iasis several (up to 10! ) months. In very few species (ge¬ 
nus Alcna, Mexican inocelliid species) pupation takes place in summer and afler a 
pupal stage ofa few weeks the adulls halch in late summer (life cycle type III). 

I lihernating stages may thus be the Iasi larval stage (usually type I), penulli- 
mate (or even an eaiiier) larval stage (type III, rarely probably also in type I) or 
pupa (type II), but neveregg, prepupa or adult. Figure 1 shows the three niain lypes 
of life cycles known in Raphidioptera. 

It is of interest ihat single individiials of species belonging to type II may 
sometimes behave like species of lype I, i.e. ihey pupale after hibernalion of the 
last larval slage. 

As far as we know all snakellies need a period of low temperature (probably 
around ()”C) to induce pupation (type 1) or hatching ofthe imago (type II). In type 
III the low temperature is probably important for the mature larvae to pupate in 
(late) summer after one or two moults after winter. Kovarik c/ al. (1991 ), who 
studied the American snakefly A^itHa hicolor I) stated Ihat “chilling was not 
necessary to initiate pupation”. This finding needs further confirmation, and it will 
have to be determined whether this can be reproduced in a larger number of speci- 
mens. It is possible that in some species only a slighl decrease of temperature may 
be sufficient. 


PROTIIHTHLY 

Larvae that are continuously kepl al room temperature will usually not pu¬ 
pate, but may live several years wilh several additional moults thus reaching up to 
15 instars. Mosi of these larvae become prolhetelous, i.e. Ihey develop pupal or 
imaginal characters, c.g. compound eyes, wing pads, and appendages on the abdo- 
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men. The prothetelous larvae may live for furlher months, even years, biit eventii- 
ally, Ihey usually die. Piipation may be achieved only in very rare cases, and in 
even rarer cases an adidt will hatch with varioiis abnoiinalities. 


MATINO AND OVIPOSITION 

Coui tship behavioiir and mating have been repeatedly observed and described 
(ASPOCK et ai 1991, Kovarik et al. 1991, ASPOCK et ai 1995). Two positions of 
copiilation have been found; a “wrecking position”, in which the male hangs head 
first from the female and being carried by her, and a “tandem position”, in which 
the male crawls under the female attaching his head in fixed connection to the fifth 
sternite of the female. The “wiecking position” is the iisual position found in all 
Raphidiidae examined (with some differences in Alena). The “tandem position” 
has been obsei ved in Inocelliidae only and is probably typical for the whole family. 
vSo far it has not been revealed how the male fixes his head to the ventral side of the 
female. There are eversible sacs near the bases of the antennae and these are appai - 
ently (how?) attached to the fifth steinite of the female. 

Copiilation lasts a few minutes to Wi hours in Raphidiidae, but is much lon- 
ger, iip to three hours in Inocelliidae. 


PARASITES AND PARASITOIDS 

Table 2 provides a list of the species known to parasitise Raphidioptera. 

The (iregarinida are apparently non-pathogenic. Mermithids usually kill their 
hosts, but they are extremely rare in snaketlies. Erythraeid mites are sometimes 
found on adults, but are not life-threatening and, moieover, lare. 

Hymenoptera ai*e of considerable significance as parasitoids of larvae. Spe¬ 
cies of genus Nemeritis (Ichneumonidae) of the subfamily Campopleginae are by 
far the most impoitant parasitoids. They piobably comprise 90-95% of all 
parasitoids in snaketly larvae, at least in the Palaearctic. Two species are pailicu- 
larly fiequent in Westein Palaearctic Raphidioptera: Nemeritis caiidatiila and N. 
specularis. Both species are widely distributed from Morocco and Spain in the 
West thioLighout Europe to Eastern Anatolia. Both have been found in many spe¬ 
cies of both families, Raphidiidae as well as Inocelliidae, and they comprise 
70-80% of all parasitised larvae. 

Other ichneumonids, braconids and chalcidids contribute to about 1 % of the 
parasitised larvae. In the Palaearctic 5-15% of a population are usually parasitised. 


Acta zool. hunf*. 4(S (Suppi. 2), 2002 



44 H. ASPOCK 


Table 2. Parasites (P) and parasiloids (Pd) in Raphidioptcra (R = Raphidiidae, I = Inocelliidae). Sce 
also ASPOCK ct cil. (1991), HORSTMANN (1993, 1994), SUNTRUP (1990) 

Parasite (P), parasitoid (Pd) 

Raphidiopteran hosts recorded 

Paras i t- 
ised stage 

Other 

hosts 

Protozoa: Apicomplexa: Eugregarinida 




Gregarinidae 




P Gregarina raphidiae ACHTELIG 

R: Pliaeostigma s.l. (2 spp.) 

Larva 

- 


Raphidia s.sir. (1 sp.) 

Larva 


Nematoda: Trichosyringida 




Mermithoidea: Mermithidac 




P Mcrmithidae gcn. sp. 

1: Fi hia (1 sp.) 

Larva 


Acari: Trombidiformes: Erythracidae 




P Erythracidae gen. sp. 

R: Xanthostigma (1 sp.) 

Imago 


Hymenoptera: 




Ichneumonidac: Campopleginac 




Pd Nemeritis ccuidatiila THOMSON 

R: Pliaeostigma s.l. (10 spp.) 

Larva 

- 


Subiila (3 spp.) 

Larva 



Xanthostigma { \ sp.) 

Larva 



Raphidia s.str. (2 sp.) 

Larva 



Pune ha (1 sp.) 

Larva 



Venustoraphidia (1 sp.) 

Larva 



Mauroraphidia {\ sp.) 

Larva 



I; Fibla s.str. (3 spp.) 

Larva 



Parainocellia (\ sp.) 

Larva 


Pd Nemeritis scaposa HORSTMANN 

R: Raphidia s.l. (5 spp.) 

Larva 

- 

Pd Nemeritis specularis specularis 

R: Pliaeostigma s.l. (11 spp.) 

Larva 

- 

HORSTMANN 

Taiiroraphidia (2 spp.) 

Larva 



Subilla (5 spp.) 

Larva 



Ornatoraphidia (1 sp) 

Larva 



Raphida s.str. (1 sp.) 

Larva 



Piincha (1 sp.) 

Larva 



Venustoraphidia {\ sp.) 

Larva 



I: Fibla (1 sp.) 

Larva 



Parainocellia s.str. (2 spp.) 

Larva 


Pd Nemeritis specularis anatolica 

R: Pliaeostigma s.l. (4 spp.) 

Larva 

- 

HORSTMANN 

Tauroraphidia {\ sp.) 

Larva 
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'rahie 2 (conlinuccl) 

Parasite (P), parasitoicl (Pd) 

Raphidiopteran hosls reeorded 

Parasit- 

Olher 




i.scd slagc 

hosts 

I\1 

Nemeritis specularis anatolica 

Rapludia s.l. (3 spp.) 

Larva 



llORSTMANN 




I\1 

Nemeritis specularis indica 
llORSTMANN 

1; l noce Ilia (1 sp.) 

Larva 

- 

Pd 

Nemeritis elef^ans (SZEPLIGETI) 

R: Dichrosti^ma (I sp.) 

Larva 

- 

Pd 

Nemeritis colossea llORSTMANN 

R: Suhilla (1 sp.) 

Larva 

- 

Pd 

Nemeritis silvicola 1 lORSTM ANN 

R: Rhaeosti^ma s.l. (2 spp.) 

l.arva 

- 

Pd 

Nemeritis sp. B (near silvicola 
and i>raeca) 

R: Raphidiidac gcn.sp. (1 sp.) 

1 .arva 

- 

Pd 

N eme ritis c ana licui a ta 
llORSTMANN 

R: Rhaeosti^ma s.l. (1 sp.) 

Larva 

- 

Pd 

Nemeritis sp. C (near canaliculata) 

R: Rhaeostiy^nia { \ sp.) 

Larva 

- 

Pd 

Nemeritis i^raeca 1 lORSTMANN 

R: Rliaeostigma s.l. (3 spp.) 

Larva 

- 

Pd 

Nemeritis similis 1 lORSTMANN 

R; Rhaeostigma s.l. (3 spp.) 

Larva 

- 



Raphidia s.slr. (1 sp.) 

Larva 

- 

Pd 

Nemeritis sp. D (near similis) 

R: Rhaeosti^ma s.l. (I .sp.) 

Larva 

- 

I\1 

Nemeritis sp. E (near similis) 

R: Rliaeostigma s.l. (2 spp.) 

Larva 

- 

Pd 

Nemeritis sp. F 

R: Suhilla (1 sp.) 

Larva 

- 

Ichnciimonidac: Crypliiiac 




Pd 

I ropistes falcatus (THOMSON) 

R: Rhaeostif^ma (1 sp.) 

1 .arva 

•} 



Runclui (1 sp.) 

Larva 


Pd 

Tropi stes nitidipennis 

(Gravenhorst) 

R; Runcha{ \ sp.) 

l.arva 


Ichnciimonidac: Pimplinac 




Pd 

Itoplectis alternans (GRAVENHORST) 

Raphidiidac gcn. .sp 

Larva 

Broad hosl 
spectrum 
compris- 
ing Lep.. 

Coi., Dipt. 





Sc 1 lym. 

1 lynicnoptcra: Braconidac: Puphorinac 




Pd 

Meteorus pachypus 
(SCHMIEDEKNECHT) 

R: Xantliosti^ma (1 sp.) 

L.arva 

'} 

Pd 

Meteorus punctifrons THOMSON 

R: llispanoraphidia (I sp.) 

l.arva 


1 lymcnoplcra: Chalcidiodca: 

Pcrilampidac 




I\1 

Perilampus maceki BouCek 

1: Inocellia sp 

Larva 
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Table 3. Hyperparasilcs in Raphidioptera 


Hyperparasite 

Raphidiopteran hosts (larvae) 

Other 


parasitized by Ichneumonidae 

hosts 

Hymenoptera: Chalcidoidea: Perilampidae 
Perilampus polypori BOUCEK 

Raphidiidae: 

7 

Perilampiis ceplialotes BouCEK 

Phaeostigmci s.l. (6 spp.) 

Siibilla (2 spp.) 

Puncha (1 sp.) 

Vemistoraphidia { \ sp.) 

Inocelliidae: 

Paminocellia s.str. (1 sp.) 
Raphidiidae: 

‘? 


Phaeostigmci s.l. or 

Raphidia s.str. (1 sp.) 

Puncha (1 sp.) 



but in a few popiilations more tlian 50% of the larvae ofa species were parasitised. 
It is, however, of interesl that among some hiindred larvae of several species col- 
lected in Mexico (under bark of pines) none was found to be parasitised. 

Hypeiparasites so far recorded (oniy Chalcidoidea: Perilampidae) are listed 
in Table 3. 


ECONOMIC IMPORTANCB 

Snakeflies are effective predators. All larval stages of ali species of both fam- 
ilies, and at least the adiilts of the Raphidiidae feed on (niainly soft-bodied) arthro- 
pods (see above) so that the qiiestion arises as to whether they coiild play a signifi¬ 
cant role in integrated pest control. 

Three basic facts shouid be considered (ASPOCK 1991, ASPOCK et ai 1991); 

1. Because of historical/zoogeographical but not for ecological factors, large 
parts of OLir planet lack snakeflies: including the north and east of North America 
and the whole Southern hemisphere. Within this huge area there are large regions 
with ecologically very favourable conditions for Raphidioptera. 

2. This means that an introdiiction of Raphidioptera into these areas could be 
promising, particulaiiy in reforestation areas and in fruit plantations. 

3. On the other hand, manipulations within the natural distribution area are 
most probably of no use. 
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wSnakeflies are believcd to bc rare insects. Tliis is indeed true for many species 
and many regions, biit it is not correct for a niimber of species that often occiir in 
large niimbers. 

Here is an overview of argiiments for and against effective use of snakeflies 
in integrated pest control: 

Advantages 

- Rearing techniques as a basic prereqiiisite are well-established. 

- Introdiiction of parasite-free popiilations woiild conseqiiently be possible. 

- Biology of many potentiai species is very well-known. 

- Larvae (and adiilts of at least of Raphidiidae) are predacious. 

- Long larval period. 

- Polyphagy? 

- vSnakellies do not have important specific natiiral enemies. 
Disadvantages 

- Long developmental period. 

- Polyphagy? 

- Diie to long life-cycles only siow change of popiilation densities, which 
means slow and delayed adaptation to altered conditions. 

- High stenotopy and therefore slow disperse. 

- Association with certain plants (trees) weak. 

No siibstatial experimental data available. 

As eaiiy as 100 years ago there were several attempts to use snakeflies as bio- 
logical control agents in pest management. One or two unidentified North Ameri¬ 
can species were introduced into Australia and New Zealand, but apparently they 
coiild not be established. At that time, however, nobody knew that low tempera- 
tures at a ceilain period in the development are necessary. And at that time it was 
also impossible to rear snakeflies. 

Today we are in a much better position. During the past thiily years we have 
gathered much experience in general, and a large amount of substantiai data in par- 
ticular which have enabled us to standardise the rearing of snakeflies. 


RHARING METHODS 

Rearing usually commences with a female collected in the field. For oviposi- 
tion we use plastic vials of about 25 mm diameter and 40 mm in length with a densely 
packed roll of cellulose. A damaged fly (or any squashed insect) or a few aphids 
provide adequate food, and the female will readily start laying eggs between the 


Acia zool. hun^. 4H (Suppi. 2), 2002 




48 


H. ASPOCK 


layers of the cellulose. The eggs are usually fertile, as a female taken in the field 
has usually already copulated. After a few days the larvae hatch and will spread 
into the various paits of the cellulose. This prevents them froni eating each other, 
particularly if a few immobili sed Drosophila adults are added. These serve as a 
soLirce of food as well as providing humidity. The larvae may be kept in this first 
vial for a few months, then they should be separated as they become an increasing 
danger to one another. The same vials can be used for the separated larvae. 
Mealworms cut into pieces are an excellent food, but other (soft-bodied) insects 
(e.g. Drosophila) should occasionally be added. Food should be changed every 4-8 
weeks. It is essential that the larvae are transferred to low temperatures in autumn 
and kept at low temperature for some time. It is not yet known how long and which 
temperatures are necessary - possibly exposure to low temperature (perhaps in 
many species only around 0°C) for a few days - will be sufficient for standardisa- 
tion. As long as we do not know the answer to this question, we keep them at low 
temperatures for at least four months. In early spring they should be transferred to 
room temperature again and be kept in the vials as deseribed. For the second hiber- 
nation of the larva or for hibernation of pupae the same procedure is necessary. 
Usually (type I), after two or three hibernations, the larvae will pupate and the pu¬ 
pae will develop to adults within ten to twenty days. Mating is necessary for a con- 
tinuation of the culture, and this is certainly the most laborious part, mainly due to 
the long and complicated mating ritual. Nevertheless we have repeatedly success- 
fully induced copulation of snaketlies in captivity. Some species copulate readily 
even in small vials, other need branches in larger cages for their mating ritual. As 
soon as copulation has been completed, females may be placed in vials for ovi- 
position and the procedure can be repeated as described above. 

These methods of rearing Raphidioptera have been an indispensable prerequi- 
site for clarifying both taxonomy of larvae and biology of many snakeflies. They 
will, however, also be helpful to clarify a number of unanswered questions. There 
are several species of which the larvae are stili unknown. And there are some im¬ 
portant questions concerning the biology of snakeflies that have not yet been re- 
solved. One of the most urgent is the question of factors that induce or which pre- 
vent prothetely, i.e. which temperatures are essential at paiticular stages of devel- 
opment, and are there other factors? 


OUTLOOK 

In summary, there are stili many open questions concerning the biology of 
Raphidioptera. There is, however, an excellent basis with respect to the taxonomy 
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on one liancl and establishcd field and laboratory methods on thc othcr, so that cs- 
scntial progress of our knowlcdge may be expectcd in the near ruture. 


* 
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HOMOLOCiY OF MALE GENITAE SCLERITES IN 
NEUROI^ERIDA - AN ADVENTURE* 

U. Aspock 

Naturhistorisches Museum Wien, liurf^rinf^ 7, A-1014 Wien, Austria 
E-mail: ulrike. aspoeck @ nhm - wien. ac. at 


Interpretation of male genilal sclerites ol' Neiiropterida has always been 
IVaught with ambigiiily. Previous conlroversial approaches may be siimmarised by 
the siogan: archaic derivatives versus derived novelties. Arguments for homolo- 
gizing via a gonocoxite concepi are presented here. The primitive machilid 
(Archaeognalha, Machilidae) striiclures provide the backgroiind for identifiying 
the amazingly similar male genital sclerites of Raphidioptera. The comparatively 
complete segment 9 of Raphidioptera consists of tergite, sternite, large gono- 
coxites, styli and gonapophyses; il serves as a reference model for oiir imderstand- 
ing of segment 10 and 11 in Raphidioptera and of male genital sclerites in 
Megaloptera and Neiiroptera. The large machilid / raphidiopteran gonocoxites 9 
changed to appendage-like sclerites in Megaloptera and Neiiroptera, and even 
shifted into the genital chamber in some neuropteran taxa, or became obliterated. 
The styli of segment 9 have been lost independently several times. Gonapophyses 
9 remained rod-like or evolved siibstantially in Raphidiidae (hypovalva), bul were 
lost in Megaloptera and in most Neiiroptera. Sclerites of segment 10 imderwent the 
most dramatic changes, and obliterations rellected in reqiiirements for copiilation: 
only the tergite remained, biit amalgamated with tergite 1 1, forming the ectoprocl. 
Ali olher sclerites shifted into the genilal chamber. Gonocoxites 10 apparently be¬ 
came lost, althoiigh Iheir gonapophyses persist as parameres in Phaeosti^ma 
NavAs and Italochrysa Pf^INCIPI). The mediiincus (penis) is interpreted as the 
fiised styli of the olherwise lost gonocoxites. Sclerites of segment 1 1 are stili trace- 
able: the tergite (amalgamated in the ectoproct), and the sternite, possibly as a tiny 
siibanale. The gonarciis is interpreted as the gonocoxites 1 1, the entoprocessus as 
the corresponding gonapophyses, and the arcessiis as the fiised styli of gonocoxites 
1 1. The hypandrium internum, irrespective of iis true nature (which stili remains 
doubtful), may indeed be a peculiarity of the Neiiropterida - althoiigh most likely 
lacking in Megaloptera. 


Unchangcd abslracl of Ihc Icclurc prcscnlccl by Ihc aiilhor. A comprehensive paper enlilled 
“Male genital .sclerites of Neuropterida: an attempt at homologi.sation (In.secta: Holometa- 
bola)” will be published in Zxwl. Anz. 241 (2002); I6I-I7I. 
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I The Fauna of the i 

I Aggtelek National Park I 

^ VOLUMESI-II I 

edited by S. Mahunka and L. ZOMBORI i 

i *’ The tenth and eleventh parts of the series "Natural History of the Na- ^ 

tional Parks of Hungary" comprise a collectiori of papers written by p 
fifty-nine Hungarian and foreign experts. The best part of the material pre- || 
J/, sented in the two volumes was collected during a four-year research 
'I programme (1987-1990) organized by the Hungarian Natural History Mu- fe 
'/'I seum, Budapest. A small share that accumulated in earlier years, prior to 
: . 1987, was also considered and incorporated. ; 

, The first volume opens with a Preface, written by the Gabor 

Salamon, director the Aggtelek National Park, followed by an Introduc- i f 
tion of the senior editor pondering over the 25th anniversary of our na- 
tional park researches, and giving a detailed list of ali the administrative 
'' locality names large and small, together with a map of the territory. Then a 
biogeographical outline of the invertebrate fauna is given. The volume 
G proper is divided into three setions: Platyhelminthes, Annelida and . 
Arthropoda. The largest section, as it has always been, the last one of the 
three has important scientific elaborations of the following orders or '! 
V higher groups: Cladocera and Copepoda (2 pp), Collembola (11 pp), '^4 
l'. Odonata (22 pp), orthopteroids (21 pp), Psocoptera (5 pp), Thysanoptera fl 
(9 pp), Heteroptera (8 pp), Homoptera (9 pp), Neuropteroidea (7 pp), 
iTj Coleoptera (177 pp). The book closes with two indexes, one is to authors, 
the other to species names. fi 

The second volume is a direct continuation of the first one, well re- 
flected also by the page numbers. Here the Arthropoda is continued with 
Trichoptera (11 pp), Microlepidoptera (48 pp), Macrolepidoptera (61 pp), 
Diptera (43 pp), Hymenoptera (61 pp). Araneae (9 pp) and Acari (32 pp). 

7 The fmal, large section is the Vertebrata comprising two papers on am- J 
J phibians and reptiles (8 pp) and the avifauna (21 pp). Again the volume 
closes with the author index and a cumulative species index. 'J 

The volumes were published by the Hungarian Natural History Mu- :? 
ii i seum in 1999. Vl 
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THH (]RHEN LACEWINGS IN BELGIUM 
(NEUROPTERA: CHRYSOPIDAE) 

BozsiK A.', MiGNON, J.‘ and Ch. Gaspar’ 

‘Piant Protection Department, Faculty ofAgricultural Sciences 
IJniversity of Dehrecen, Hun^ary; E-mail: hozsik@helios.date.hu 
-Zjndogie generale et appliquee, Faculte des Sciences a^ronomiques 
de Gemhloux, Belgium: F-mail: zoologie@fsagx.ac.be 

There are merely ihree published sources ol' informalion on the green lacewings in Belgium. 
The rirsl two were wrilten by a Belgian and a Catalan author al the beginning of the 2()lh cen- 
liiry and Ihe third was published in 1980. Interestingly, the mosl recenl sludy reported the few- 
est speeies (11), the most previous contained 12 and the second one showed 17 species. 

This confused situation and the paucity ofdata initiated the authors to identify the green lace- 
wing collection ofthe Geinbloux IJniversity of Agricultural Sciences, where lacewings from 
different parts of Belgium were preserved, and also to collect chrysopids regularly. 
Summarising the species reported in the literature and caught during sampling, 18 green lace- 
wing species have been verified in Belgium: Nothochrysa fulviceps, Nothochry.sa capitata, 
Hypochrysa elegans, Nineta flava, Nineta vittata, Nineta pallida, Chrysotropia ciliata, Chry- 
sopa perla, Chrysopa dorsalis, Chrysopa ahhreviata, Chrysopa formosa, Chrysopa phyllo- 
chroma, Chrysopa pallens, Dichochry.sa Jlavifrons, Dichochrysa prasina, Dichochrysa vent¬ 
ralis, Chrysoperla carnea, Cunctochry.sa alholineata. Considering the known references, one 
species, Nineta pallida proved to be new for the Belgian fauna. 

Key words; Chrysopidae, Belgium 


INTRODUCTION 

Information on green lacewings of Belgium is quite scarce. One can find only 
three sources ofdata of which the first two at the beginning of the 2()th century 
were written by a Belgian (Lameere 1900) and a Catalan author (NAVAS 1913). 
Unfortunately no more Belgian contribution has been published on this subject. 
The third source is the well-known work of ASPOCK et al. (1980). Although it is 
the most recent study referring to Belgian aspects of Chrysopidae, it reported the 
fewest (II) species: Nothochrysa fulviceps (Stepiiens, 1836), Nothochrysa capi¬ 
tata (Fabricius, 1793), Nineta vittata (WesMAEL, 1841), Chrysotropia ciliata 
(Wesmael, 1841), Chrysopa dorsalis BURMEISTER, 1839, Chrysopa ahhreviata 
Curtis, 1834, Chrysopa formosa Brauer, 1850, Anisochrysa (^Dichochrysa) 
jlavifrons (Brauer, 1850), Ani.sochrysa (=Dichochrysa) prasina (BURMEISTER, 
1 839), Anisochrysa (-Dichochrysa) ventralis (CURTIS, 1834), Chrysoperla carnea 
(Stepiiens, 1836) [Chrysoperla carnea is meant in this paper as Chrysoperla 
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carnea sensu lato\). The earliest (Lameere 1900) recounted 12 {Nothochrysa ful- 
vicepSy Nothochrysa capitata, Chrysopa(= Nineta) vittata Wesmael, 1841, Chryso- 
pa (= Nineta) flava SCOPOLI: HOLZEL 1965, Chrysopa alba (LINNAEUS): Stephens 
1836 (=Chrysotropia ciliata), Chry\sopa septempunctataWESMAEL, 1841 {-pal¬ 
lens (RAMBUR, 1838)), Ch. ahhreviata, Chrysopa phyllochroma Wesmael, 1841, 
Chrysopa (= Dichochrysa) flavifrons Brauer, 1850, Chrysopa (=Dichochrysa) 
ventralis CURTIS, 1834, Chrysopa perla (LINNAEUS, 1758), Chrysopa vulgaris 
SCHNEIDER, 1851 {=Chrysoperla carnea)) mdN\yk^{\9\l))po\x\iQAoui 17 spe¬ 
cies {Nothochrysa fulviceps, Nothochrysa capitata, Hypochrysa nobilis Heyden 
(sic!) {=elegans BURMEISTER, 1839), Nineta vittata, Nineta flava (SCOPOIJ, 1763), 
Ch. alba, Ch. septempimctata, Ch. abbreviata, Ch. phyllochroma, Ch. flavifrons, 
Chrysopa (^Dichochrysa) prasina BURMEISTER, 1839, Ch. ventralis, Ch. perla, 
Ch. formosa, Ch. dorsalis, Ch. vulgaris, Chrysopa tenella SCHNEIDER, 1851 
{-Cunctochrysa albolineata (KlLLINGTON, 1935)). Besides the aforementioned 
published material Magis (1980, impubi.) identified nine species: Ch. carnea, Ch. 
perla, Ch. pallens, Ch. phyllochroma, Ch. ventralis, Chrysotropia ciliata, D. flavi¬ 
frons, D. prasina, Nineta flava and Semeria (1981, unpubl.) one taxon, Nineta 
vittata. 

This bewildering situation and the insufficiency of data initiated us to iden- 
tify the green lacewing collection of the Gembloux Agricultural University, where 
lacewings from different parts of Belgium (mainly from the territory of the 
French-speaking Community) were preserved, and also to start a more or less regu- 
lar collection of chrysopids at least in the surroundings of Gembloux in order to 
make a revision of Belgian chrysopids and to prepare an up-to-date checklist. 


SITES AND METHODS OF COLLECTION 

The first data werc gained by determination of the pinned material ofthe Gembloux Agricul¬ 
tural University. Unfortunately one part of the specimens was damaged which often prevented the 
determination ofthe sex. These individuals are represented by the abbreviation of “adult” (ad). The 
deficiency and illegibility of some of the labeis resulted in troubles, too: it was not possible to define 
partly the true and exact date and place of collection and practically there was no information on the 
method of collection and the habitat where the lacewings werc captured. The probablc imprcci.se dc- 
tails are represented by question mark(s). Administrative arcas appear after the locality in parenthesis. 

In 1995 (from July 12 until October 22) and 1997 (from Junc 7 till August 13) (samples werc 
takcn by using swccp net (30 cm diameter; 100 sweeps per sample) mainly in the territory of the 
Gembloux Agricultural University (Gembloux, Belgium). Samplcd localities werc: Expcrimental 
Arca, Botanical Gardcn, Park of the Agricultural University, Natural Reserve of Gembloux and an 
uncultivatcd garden. In most cases living specimens were identified immcdiatcly after capturing or 
they were preserved in a 5% glyccrol solution in 70% ethanol. Individuals were determined accord- 
ing to the dcscriptions of Aspock et ciL (1980). 
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RRSULTS AND DISCUSSION 
Pinned lacewings from thc 

Collectiori qfthe Gemhloux A^riciiltural University 


Chrysoperla carnea (Stepurns, 1836) sensu lato 
Withoiit (lute: $ Monligny?; 9 Houlain-Saint- Simcon (Oupcyc) 

1983: 03.02 (= thc 3rd Fcbriiary) 9 Saint Scrvais (Namur); 03.06 9 Emboiirg (Chaud- 
fontainc); 15.07 c? Marloic (Marchc-cn-F'amcnnc); 19.07 ad Sart-Ciistinnc (Gcdinnc)O; 20.07 c? For- 
cst (Forcst); 21.07 9 Chalclincau (Chatclct); 21.07 c? Gcmbloux (Gcmbloiix); 26.07 Jcltc (Jctlc); 
30.07 9 ‘Slins (Juprcllc); 77.08 c? Bnixcllcs (Bnixclles); 05.08 9 Jcmappcs (Mons); 17.08 9 Longiic- 
villc (Chamant-Gistoux); 27.08 9 Oltignics (Loiivain-la-Neuvc); 30.08 9 Mons (Mons); 31.08 9 
Gcmbloux (Gcmbloux); 08.09 9 Gcmbloux (Gcmbloux); 07.09 9 Rochcforl (Rochclorl); 17.09 9 
Andoy (Namur); 28.09 9 Louvicrc (La LouviPrc); 01.10 9 Libin (Libin); 03.10 ad Chatclct 
(Chatclct); 09.10 9 Bourdon (llotton); 10.10 c? Bruxcllcs (Bruxcllcs); 11.10 9 Rochcfort 
(Rochcrort);17.10 c? Gcmbloux (Gcmbloux); 28.10 9 Aiscau (Aiscau-Prcslcs); ()8;11 9 Mcttct 
(Mcttct); 08.11 9 Mcttct (Mcttct); 05.12 Lustin (Profondcvillc); 11.12 9 Rochcfort (Rochcfort) 

1984: 22.77 9 Gcmbloux (Gcmbloux); 77.77 9 Tihangc (Huy); 22.77 9 Ncthcn (Grcz- 
Doiccau); 21.01 9 Fomprct (Chimay); 02.02 c? Stcmbcrt (Vcrvicrs); 20.02 S F\)ntainc rEvcquc 
(Fontainc riwcciuc); 03.03 c? Saint-Hubcrt (Saint-I lubcrt); 08.04 cJ Aiscau (Aiscau-Prcslcs); 0904 9 
Awans (Awans); 10.04 (3 Jambcs (Namur); 1 1.04(5' Lisognc (Dinant); 11.04 9 Ciply (Mons); 13.04 
9 Bcausaint (La Rochc-cn-Ardcnnc); 15.04 9 Vcrvicrs (Vcrvicrs); 15.04 9 Gcmbloux (Gcmbloux); 
15.04 9 Esncux (Esncux); 16.04 9 Forgcs (Chimay); 17.04 (5 Auvclais (Sambrcvillc); 18.04 9 
Court-vSaint- F4icnnc (Court-Saint-Eticnnc); 20.04 9 Longchamps (La Louvicrc); 20.04 9 
llondcng-Aimcrics (La Louvicrc); 28.04 c? Esncux (Esncux); 29.04 9 Rcndcux-bas (Rcndcux); 
29.04 Vise (Vise); 77.05 9 Gcmbloux (Gcmbloux); 07.05 c? Ligny (SombrcITc); 08.05 9 La 
Louvicrc (La Louvicrc); 11.05 9 Marcincllc (Charlcroi); 25.05 9 Mazy (Gcmbloux); 28.05 9 
Chimay (Chimay); 30.05 9 Ligny (SombrcITc); 10.06 9 Ccllcs (Lc/ Tournai)(Ccllcs); 15.06 ^ 
Ccroux-Mousty (Ottignics-Louvain-la-Ncuvc); 16.06 9 Oottignies (Mouscron); 30.06 ad Jambes 
(Namur); 25.07 (5' Jcmcppc-sur-Sambrc (Jcmcppc-sur-Sambrc); 77.08 9 Gcmbloux (Gcmbloux); 
13.08 9 Gcmbloux (Gcmbloux); 21.08 9 Gcmbloux (Gcmbloux); 25.08 9 Hcron (l lcron); 26.08 (5 
Mariemburg (Couvin); 03.09 S Blcrct (Waremme); 13.10 Tongrinne (SombrcITc) 

1985: 23.09 9 Falmignoul (Dinant); 27.09 ad Bcu/.ct (Gcmbloux); 15.11 ad Martclange 
(Martclange); 

1986: 05.05 ad Estinnes-au-Val (Estinnes); 30.05 9 Ccroux-Mousty (Ottignics-Louvain- 
la-Ncuvc); 02.07 ad Gcmbloux (Gcmbloux); 12.08 ad Ilam-sur-lIcurc (llam-sur-Hcurc-Nalinncs); 
23.08 ad Saint-Ciillcs (Saint-Gillcs); 24.08 9 Limal (Wavrc); 25.08 ad Sauvcnicrc (Gcmbloux); 
1989: 05.05 e? Spy (Jcmcppc-sur-Sambrc); 05.11 9 Chatclct (Chfitclct) 


Chrysopa perla (LiNNAEUS, 1758) 

1983: 31.05 9 Bcauvcchain (Bcauvcchain); 10.06 e? Gcmbloux (Gcmbloux); 12.06 (5' Dour 
(Dour); 12.06 <5' Ccrfontainc (Ccrfontainc); 26.06 (S Awans (Awans); 77.07 ad llarmignics (Mons); 
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15.07 cJ Molenbeck-Saint-Jcan (Molenbeck-Saint-Jcan); 21.07 (5 Gcmbloux (Gcmbloux); 23.07 $ 
Ottignics (Louvain-la-Neuve) 

1984 : 15.04 cj Forville (Fcrnclmont); 21.04 c? Naloyc (Hamois); 06.05 S Florcnncs 
(Florcnnes); 15.05 S Gcmbloux (Gcmbloux); 20.05 S Woluwc-Saint-Lambcrt (Woluwc-Saint- 
Lambert); 26.05 $ Dilbcck (Dilbcck); 01.06 S Elougcs (Dour); 02.06 S Kchlcn?; 07.06 S Mazy 
(Gcmbloux); 07.06 S Gcmbloux (Gcmbloux); 09.06 S Gcmbloux (Gcmbloux); 09.06 S Vcrvicrs 
(Vcrviers); 10.06 ad Ivoz-Ramct (Flemallc); 10.06 S Philippcvillc (Philippcvillc); 12.06 cf Jamioulx 
(I lam-sur-Hcurc-Nalinncs); 15.06 S ScnclTc (ScnclTc); 15.06 S Wavrc (Wavrc); 16.06 $ Tcrlrc 
(Saint-Ghislain); 16.06 S ScnclTc (ScnclTc); 17.06 9 Brainc-l-Allcud (Brainc-l-Allcud); 20.06 S 
Gcmbloux (Gcmbloux); 23.06 9 Jupillc-sur-Mcusc (Licgc); 26.06 9 Gcmbloux (Gcmbloux); 27.06 
S Gcmbloux (Gcmbloux); 29.06 S Gcmbloux (Gcmbloux); 12.07 9 Jcmcppc (Jemcppc-sur- 
Sambre); 21.07 9 Molcnbcck-Saint-Jcan (Molcnbcck-Saint-Jcan); 07.08 S Gcmbloux (Gcmbloux); 
10.08 ad Bcrnimont (Leglisc); 10.08 9 Bcrnimont (Leglisc); 30.08 S Frisec (Hamois) 

1986 : 20.06 ad Haillot (Ohcy); 05.07 ad Licgc (Licgc); 05.07 9 Bcrtognc (Bcrtognc); 07.07 S 
Kain (Tournai); 18.07 S Gcmbloux (Gcmbloux); 02.08 ad Namur (Namur) 

1989 : 10.07 9 Walhain-Saint-Paul (Walhain); 24.08 ad Gcmbloux (Gcmbloux) 


Chrysopa pallens (Rambur, 1838) 

1987 : 12.07 ad Kain (Tournai) 

1984 : 16.06 9 Mazy (Gcmbloux) 


Nineta flava (SCOPOLI, 1763) 

1982 : 13.08 ad Xhcndclcssc (Hcrvc) 

1984 : 09.08 9 Houtain-Sainl-Simeon (Oupcyc) 


Dichochrysa prasina (BURMEISTER, 1839) 
1984 : 22.08 9 Gcmbloux (Gcmbloux); 26.08 S Silcnricux (Ccrfontainc) 

Dichochrysa flavifrons (Brauer, 1850) 

1984 : 25.08 9 Anglcur (Licgc) 

Chrysopa phyllochroma WESMAEL, 1841 
1986 : 10.07 ad Gottignics (Lc Roculx) 
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The 137 spccimens 017 species olThe collection were caiighl cliiring 7 years 
(1982-1987, 1989) in 102 localilies of Belgium (mainly in the soiitli of the coim- 
try). Chrysopcria carnea and Chrysopa peria predominaled amounling 59.1 and 
35% of Ihe individuals while the resl of species Chrysopa pallens, Ch. pliyllo- 
chroma, Nineta flava, Dichochrysa prasina and D. flavi frons seemed lo be quite 
sporadic (Table 1). However, according to the contradiction between the numerous 
collection sites and the extremely low number of individuals captured the collec- 
tors must have caught almost incidentally the lacewings. 

Resuits of the collections at Genihloii.x 

1652 individuals of 7 species were captured through 4 months in 1995 at the 
Experimental Area (Table 1). Also Chrysoperia carnea and Chrysopa peria were 
the dominant species but Dichochrysa prasina was relatively permanent and com- 
mon, too. The other species occurrence and abundance were occasional. 

587 specimens of 7 chrysopid species were captured in 1997. Chrysoperia 
carnea was absolutely dominant whereas Dichochrysa prasina, Nineta flava and 
Ciinctochrysa aiholineata occurred relatively often. Dichochrysa flavifrons, Chry¬ 
sopa peria and Nineta pallida were found only singly (Table 1). 

Altogether 2376 specimens of 10 lacewing species were collected and identi- 
fied according to our findings during the last 18 years in Belgium (Table 2). Chry- 

'Fablc I. List of lacewing adults of the pinned collection and those collected in 1995 and 1997 
(Gembloux, Belgium) (% = percent of dominance values) 

Species Pinned collection 1995 1997 


No. % No. % No. % 


Ch. carnea 

81 

59.1 

1604 

97.09 

562 

95.74 

Ch. peria 

48 

35.0 

24 

1.45 

1 

0.17 

I). pra.sina 

2 

1.5 

16 

0.97 

10 

1.70 

N. Jlava 

2 

1.5 

1 

0.06 

6 

1.02 

D. jlavifron.s 

1 

0.7 

5 

0.30 

1 

0.17 

C. aiholineata 

- 


1 

0.06 

6 

1.02 

Ch. pallen.s 

2 

1.5 

- 


- 


Ch. phyllochroma 

1 

0.7 

- 


- 


I). ventralis 

- 


1 

0.06 

- 


N. pallida 

- 


- 


1 

0.17 

Total number of species 7 

Total number of individuals 137 


7 

1652 


7 

587 
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Table 2. List of laccwing adults colleclcd 

in 1982-1997 (Belgium) 


Species 

Occurrence (months) 

No. 

% 

Ch. carnea 

1-12 

2247 

94.57 

Ch. peri a 

4,5,6,7,8 

73 

3.07 

D. prasina 

7,8,9 

28 

1.18 

N. flava 

7,8 

9 

0.38 

D. flavifrons 

7,8 

7 

0.29 

C. albolineata 

7,8 

7 

0.29 

Ch. pallens 

6,7 

2 

0.08 

Ch. phyllochronia 

7 

1 

0.04 

D. ventralis 

7 

1 

0.04 

N. pallida 

7 

1 

0.04 

Total number of spccics 

Tolal number of individuals 

10 

2376 



soperla carnea was really ordinary and frequent everywhere as it was indicatcd 
previoLisly (Navas 1913). The former status of Chrysopa peria, common far and 
wide in Belgium (Navas 1913), can be agreed, too. And that is the case also with 
Dlchochrysa prasina that can be characterized as a common and generally wide- 
spread species. Nineta flava, Chrysopa pallens and Dlchochrysa flavifrons were 
classified as quite common or generally wide-spread lacewings (Navas 1913) but 
considering the afore said results, Ch. pallens seems to be rather rare and neither of 
the two other species could be designated frequent. The previous occurrence char- 
acteristics o\' Chrysopaphyllochroma, Ciinctochrysa albolineata and Dichochrysa 
ventralis were rare or quite rare and that is right for the present situation. About 
Nineta pallida there was no data at all, ergo it seems to be new for the Belgian 
fauna. Almost all of the rare species, N. flava, N. pallida, Ch. pallens, C. alho- 
lineata, D. ventralis and D. flavifrons can be found in the neighbouring countries 
(the Netheiiands, Luxembourg, France, Germany, Great Britain), except N. palli¬ 
da missing in the Netheiiands, Luxembourg and Great Britain (ASPOCK et al. 
1980). The finding of N. pallida is really probable and valid because this species 
has been found also in collections in Sweden and Denmark (POPOV 2000, pers. 
comm.). 

The numberof species (Nothocluysa fulviceps, Nothochrysa capitata, Hypo- 
chrysa elegans, Nineta vittata, Chrysotropia ciliata, Chrysopa formosa, Chrysopa 
dorsalis, Chrysopa ahhreviata) that have not been detected since 1913 in Belgium 
is considerable, too. These species were verified in the neighbouring countries 
with the exception of N. capitata missing in both Luxembourg and France, H. 
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elegans lacking in Liixeniboiirg and (ireat Britain and Ch. formosa missing in the 
Netherlands, Liixemboiirg and (ireat Britain (ASPOCK et ai 1980). One of thein 
{Chrysotropia ciliata) have been found at Gembloiix, too. It is highly probable that 
the species living in the Netherlands can find favourable conditions, habitats also 
in Belgium, thus their missing in collections is only a consequence of the insuffi- 
cient investigation. 

Regarding the previously stressed lack of data on Belgian lacewings, also 
their monthly occurrence is presented in Table 2 as complementing information. 

The sibling species oi Chrysoperla carnea complex have been identified but 
their data were published eisewhere (BOZSIK 2000). 


CONCLUSIONS 

According to the cited references and the results of the present publication 18 
chrysopid species have been verified in Belgium {Nothocluysa fulviceps, N. 
capitata, Hypochrysa elegans, Nineta vittata, N. flava, N. pallida, Chrysotropia 
ciliata, Chrysopa pallens, Ch. ahhreviata, Ch. phyllochroma, Dichochrysa flavi- 
frons, l). prasina, I). ventralis, Chrysopa peria, Ch. formosa, Ch. dorsalis, Chry- 
soperla carnea, Ciinctochrysa aiholineata). One species, N. pallida proved to be 
new for the Belgian fauna. Considering that the Belgian lacewing fauna has been 
understudied, the presented results coiild be seen only as the first attempts to 
change this poor situation. 
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INFI.UENCK OF THE DENSITY OF CHRYSOPERLA 
MEDITERRANEA (HOLZEL, 1972) (NEUROPTERA: 
CHRYSOPIDAE) ADULTS ON ITS LABORATORY 
REPRODUCTION POTENTIAI. 

Carvalik), C. F.', Canard, M.' and C. Alauzet’ 

'Depio de Entomologia, Universidade Federal de iMvras 
C.P. 37. 37200-000 Lavras MC. Brasil; E-mail: cfc@ujla.hr 
^Ledyoratoire d'Ecolo}^ie Terre.sire/Zoolof^ie, Univer.site Eaid-Sahatier 
E 31062 Tnulou.se, Cedex 4, E rance: E-mail: michel.canard@\vanadoo.fr 

The rcproduclivc potcnlial of Chry.soperla mediterranea (IlOLZEL, 1972) was invcstigaled, 
when adiills vverc subjcclcd to dilTcrcnl dcnsilics per rearing unit. Couplcs alter cmergenee 
were plaeed inio rectangiilar eages or45() cm', Icd cn/ymatic prolein hydrolysalc ofyeast and 
kept in a climalie chamber al 2()±1 ”C, R! I 7()-80% and Ibh-photophasc. The ircatmcnls were 
repeated six linies ulili/.ing 1,2, 3, 4, 3, 6 and 7 eouples with a eouple/voliime ratio of 1/450, 
1/225, 1/150, 1/112, 1/90, 1/75 and 1/64 em’, respeetively. It was observed ibat ibe average 
pre-oviposition period for one eouplc was 5.S±0.3 days whilc for the other Ircatmcnls it was 
7-8 days. For the oviposition period no signiricant dilTcrcnccs were found, 100 days bcing ob- 
tained on the average, bul for the daily and lotal oviposition the rcsulls showcd dilTcrenees 
among the trealmcnts with one coiiplc per rearing unit showing the grcalcst fcciindity 
(520+26.0 cggs/rcmalc). By incrcasing the coiiplc niimbcrs, the total oviposition capacily dc- 
creased, bccoming more marked Ironi tour couplcs per rearing unit, with only 270.0+103.0 
cgg.s/fcnialc when seven couplcs were utili/.ed (dcnsily 1/64 cm’). Longcvity was cc|ually af- 
fccled by density and for a singlc couplc, it was 138.3+1 1.2 days for the malcs and 1 17.8+12.8 
days for the fcmalcs. In comparison, the rediiction was in the order of 50% for bolh sexes when 
the density was seven eouples per chamber. 

Key words: green lacewing, Chry.soperla, biology, rearing uniis 


INTRODUCTION 

Research on Neuroptera: Chrysopiclae, and especially that devoted to species 
of tiie genus Cluysoperla S l FlNMANN, 1964, has stressed the importance of this 
predaceoLis group for the biological control of a niiniber of ailhropod pests in many 
important crops. Thus, when one wishes to make releases of these entomophagous 
insects in integrated pest management programs (IPM) (Tauber et al. 2000), it is 
necessary to establish laboratory colonies for the productiori of differ ent develop- 
rnental fornis. 

Usirig the cur rent rearing techniques of adults for green lacewings, Karelin 
et al. (1989) deterniined that the density of adults per r earing unit was an impor tant 
factor in the egg productiori of Cluysoperla carnea (STEPIIENS, 1836) “sensu 
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lato”. By iitilizing 30 coiiples per dnr^ the best fecundity was obtained, however, in 
aboLit 25 days there was a reduction in egg production, and the destruction of adults 
was SLiggested. Araujo and BiCHAO (1990) demonstrated that the best perfor- 
mance of adults of the same species was obtained with one couple/40 cm^ and the 
destruction of the rearing material after 35-40 days. Considering the number of 
adults in the rearing units, the couple/volume ratio, maintenance of the adults, the 
size and the shape of the rearing boxes, a huge variation is found, stressing that es- 
sential experimental conditions are critical and there is a need for the determina- 
tion of sLiitable rearing conditions for each species (FiNNEY 1948, 1950, MOR- 
RISON & Ridgway 1976, Ferran et al. 1981, MORRISON 1985, SiSSOKO 1987, 
NUNEZ 1988, SAIVIS0E-PETERSEN et al. 1989, VENZON & CARVALHO 1992, 
Ribeiro et al. 1993). Thus, the aim of this study was lo determine the suitable den- 
sity for rearing and time for the destruction of Ch. mediterranea (HOLZEL, 1972) 
adults through the evaluation of the main biological parameters in the adult stage. 


MATERIAL AND METHODS 

The cxpcrimcnt was conducted in achamber at 2()±1 °C, RH 70-80% and 16-hour photophasc 
by utilizing 1,2, 3, 4, 5, 6 and 7 coiiples of Ch. mediterranea placed in transparenl plastic boxes of 
12.8x7.0x5.0 cm (about 450 cm9 feeding on enzymatic prolein hydrolysale ofyeast. The couple/vol¬ 
ume ratio was of 1/450, 1/225, 1/150, 1/112, 1/90,1/75 and l/64cni\respectively. Apieceor5.0x6.0 
cm folded paper was placed on the bottom ofeach rearing unit as a shelter, and for oviposition, a strip 
of 2 cm wide absorbent paper of white color was put on the upper part of the rearing boxes, and was 
utilized soon after mating. The experimental scheme was a completely randomized design with seven 
treatments and six replications. The evaluated parameters were: pre-oviposition period, daily 
oviposition and total number of eggs/female, males’ and females’ longevity and time of maintenance 
of the adults in rearing chamber. 


RESULTS AND DISCUSSION 

The results appear in Table 1. The observed pre-oviposition period of Ch. 
mediterranea may be divided into two groups. The first one showed an average of 
5.8+0.3 days and the other one ranged from 7.2 to 8.2 days. In terms of the in- 
creased number of couples per rearing units, there was a lengthening of the 
pre-oviposition period; making it evident that the maximum density must be no 
more than 1 couple per 1 12 cm\ By comparing treatments 2, 3 and 4 to the first 
one, an increase of 27% was observed. However, considering the treatments of 5, 6 
and 7 couples, the pre-oviposition period was increased by 41 %, confirming the re¬ 
sults of Sams0E-Petersen et al. (1989) for adults of Ch. carnea maintained un- 
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der a crowded regime. Anolher factor which niay affect the pre-oviposition period 
in Cli. mediterranea is adiilt feeding and individiials provided with a feeding re¬ 
gime considered optimum (for example yeast -f honey 1:1) had a pre-oviposition 
period ranging from 5.5 to 6.5 days. 

The resiilts obtained for the oviposition period discovered that there were no 
significant differences among the several densities iitilized. Even the mean ob¬ 
tained for the adults of treatment 7 of 92.3±7.3 days was not different significantly 
from the others. The tests showed that the increase in density may be able to reduce 
the oviposition period and thus to affect the oviposition capacity and the time of 
maintenance of the adults in rearing. 

Thedaily average fecundity for couples kept singly (1 couple), was of 6.2+0.9 
eggs/female, significantly different from the other treatments, the general mean of 
which was of 3.3±(). 1 eggs/female. It was found that independently of the density 
of adults utilized, beyond 1 couple/chamber, there was an average rediiction of 
about 50% in the daily oviposition capacity of Ch. mediterranea, stressing the im- 
portance of the insect number per rearing unit on the daily oviposition capacity of 
this species. An important aspect which often makes it difficult the maintenance of 
adults is the oviposition site of the eggs which are deposited on different surfaces 
of the cage, complicating their collection. By attaching the absorbent paper strips 
to the rearing unit lid 90 to 100 % of the eggs were deposited there, which made 
their collection easier. 

Considering the total number of eggs, the results were stili more evident, 
showing that the isolated couples had a fecundity significantly superior to ali the 
other treatments. The means obtained for treatments 2 to 6 were very close to each 
other, however, treatment 7 was very different and its mean is a half of that of treat¬ 
ment 1. A general comparison of those results showed that treatment 6 (1 cou- 
ple/75 cnr^) with a mean of 356.3±42.3 eggs/female, seeming to be the limit to that 
type of rearing. 

Considering that the adults were fed only on enzymatic yeast hydrolysate and 
comparing this to the results obtained by Carvaluo et ai ( 1996) upon the repro- 
ductive capacity of adults of Chrysoperla externa (Hagen, 1861) and Ch. mediter¬ 
ranea fed on different artificial diets, it is ciear that the diets utilized strongly intlu- 
ence fecundity. Those species of green lacewing and when kept singly on other di¬ 
ets could produce on the average, 2,200 eggs, or four times the number of eggs ob¬ 
tained for treatment 1. So, one can imagine that changes of the diet will be able to 
influence and induce a substantial increase in oviposition capacity, even when the 
females were kept in a collective regime, but, more research on Ch. mediterranea 
adults is necessary. In addition to the density, feeding, temperature, relative hu- 
midity and photoperiod factors, it is necessary to study the shape of the rearing 
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Table 1. Pcriods of prc-oviposition, oviposition, daily and total fccundily, and longevity of males 
and femalcs of Chrysopcrla mediterranea under different densities 


CoLiples Period (days) Fecundity (N.) Longevity (days) 

per box 



Pre-oviposition 

Oviposition 

Daily 

Total 

Males 

Females 

1 

5.8 b 

106.5 a 

6.2 a 

520.0 a 

138.3 a 

117.8 a 

2 

1.2 i\ 

116.2 a 

3.2 b 

350.3 ab 

97.0 b 

102.2 ab 

3 

7.8 a 

109.5 a 

3.2 b 

317.0 ab 

117.0 a 

100.3 ab 

4 

1.2 a 

119.8 a 

3.8 b 

421.0 ab 

94.7 b 

87.7 bc 

5 

8.0 a 

111.5 a 

3.1 b 

320.9 ab 

89.5 b 

86.2 bc 

6 

8.2 a 

106.7 a 

3.4 b 

356.3 ab 

84.0 bc 

80.7 bc 

7 

8.2 a 

92.3 a 

3.2 b 

270.9 b 

70.0 c 

68.3 c 


units. Karelin et ai (1989) stated that the substitution of rectangular cages for cy- 
lindrical ones resulted in an increase of 27 to 30% in the coefficient of the utiliza- 
tion of the cage area by Ch. carnea adults. 

Survival of the adults kept singly or under collective regimes must be ob- 
served independently of the experimental conditions. For example, females’ lon¬ 
gevity was shoiler than that of males’ in relation to density, and with a reduction 
trend of longevity in both sexes has been observed. For the males, except treatment 
2, the density reduction was gradual, except for treatment 7 with mean of 70.0+3.7 
days, which differed significantly from the others. By comparing treatments 1 and 
7, a reduction in the longevity of about 50% was noticed. For the females, the re- 
sLilts were similar and longevity was reduced in relation to the increase of adults 
per rearing unit. The longevity means observed in case of the couples kept collec¬ 
ti vely ranged from 68.2 to 102.2 days. 

In general and considering the females’ longevity and ending the rearing of 
lacewing adults, it was verified that they are factors intrinsically related to the spe¬ 
cies. SA1VIS0E-PETERSEN et al. (1989), Morrison and Ridgway (1976), Ka¬ 
relin etal. (1989) and Araujo and BlCHAO(1990) workingon Ch. carnea “sensu 
lato” and Ru et al. (1976) dealing with Chrysopcrla nifilahris (BURMEISTER, 
1 839), suggested that the adults should be destroyed after 15-40 days of confine- 
ment. Thus analyzing the results obtained for the daily and total fecundity and lon¬ 
gevity of the Ch. mediterranea females, it is apparent that the best reproduction 
performance of the adults reared collectively and fed on enzymatic protein 
hydrolysate of yeast, is with a maximum of 1 couple/1 12 cnr^ (treatment 4). As re- 
gards the destruction of adults, it is apparent that it should be accomplished only 
after 75 to 85 days when 80 to 90% of the oviposition has been realized. 
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In thc Siibinedilcnancan Histrici of Slovenia, Nciiroplcran asscmblages in Iwo lyjics ol oak 
foresls liave been invcsligalcd. For both forest types, data on piant substrate species are pro- 
vided. The faiinal composilion of Ihe tvvo oak foresls is compared with Ihe faiina of ihe 
garrigue from the southernmosl pari of Istria. While in both woodland habitats arboreal spe¬ 
cies dominate, in the garrigue habitat the numberof species preferring grassy sleppes is much 
higher. 

Key words; Neuroptera, Istria, Submediterranean Histrici, oak foresls 


INTRODUCTION 

Neiiropleran conimunities in naliiral forests are generally poorly known. 
Woodland habitats show a mixed vegetation structure, so that the Neuropteran 
fauna in niost cases is also a diverse one. Chrysopid asseniblages in West Palae- 
arctic temperate forests are presented by Zflfny ( 1984). Lacewing populations in 
European coniferous forests have been studied by CZFCllOWSKA (1985), and in 
deciduous forests by PANTALIiONI (1984), CZFCIIOWSKA (1990) and SZIRAKI 
(1996). Piant substrate specificity of Iberian Coniopterygidae and Chrysopidae has 
been studied by MONSFRRAT and Marin (1992, 1994). Eor a review see also 
Stelzl and Drvetak (1999). 

In the present study, the faunal composition of two oak forests in the Slove- 
nian part of Istria has been investigated. Istria lies in the NW part of the Balkan 
Peninsula. The characteristic vegetation of the area consists of several types of Sub¬ 
mediterranean woodland and scrub communities (for review see DEVFTAK, 1998). 


MATERIAE ANI) METHODS 

The fir.st forest type studied, localed near Slrunjan (Fig. 1), repre.sents a fragment of macchia, 
which is a resuit of the destruclion of the original Medilerranean sclerophyll forest. This fragment is 
classified as Orno-Quercetum ilicis subass. cotinetosum. The characteristic tree species, evergreen 
oak [Quercus ilex), occurs oniy .sporadically. ('ommon plani species include Quercus pubescens, 
Ostrya carpinifolia. Fraxinus ornus. Myrtus communis, Cotinus cof^^y^ria and Spartium junceum. 
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The second forest type, locatcd at Osp (Fig. 1), bclonging to the Submediterrancan dcciduous 
forests with Quercus pubescens, Ostryci carpinifolia and Carpinus orientalis as dominant Iree spe¬ 
cies, is classified as Ostryo-Quercetum pubescentis subass. pistacietoswn terebinthi. Other fre- 
quently occurring piant species are Fraxinus ornus, Acer monspessiilamim, Pistacia terebinthus and 
Celtis australis. 

The neuropteran fauna ol' the two oak forest was compared with the garrigue from the soiilh- 
ernmost part of Istria (near Premantura, Fig. 1). This garrigue habitat is classified as Cisto-Ericetiim 
arboreae. 

Between May and September 1997, seven one-day samplings were carried oul in the two for¬ 
est habitats. Insects were collected by beating the vegetation with a handnet. 



Fig. 1. Map of Istria with collecling sites 
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RESULTS AND DISCUSSION 

Altogether, 157 individuals, beloiiging to 17 neiiropteran species, were col- 
lecled iVom the two forest habitats (Table I). The mosl abundant species were 
DichochrysaJlavifrous (Stein), Hemerobius micans Ol JVIER, Semidalis aleyrodi- 
formis (Stepeens) and Chrysoperia hicasina (LaCROIX). 

Table 2 shows ihe neuropteran species arranged according to their recorded 
piant substrate. Diclwchrysa flavifrons was collected on ten tree species and seems 
to be the most eurytopic species. The species Semidalis sp., Hemerobius micans, 
Dichochrysa abdominalis (Brauer) and Chrysoperia hicasina are also very 
eurytopic, collected from live or more piant species. Most likely the unidentified 
species is Semidalis aleyrodiformis (females) because the specimens were col¬ 
lected on deciduous trees and shrubs, and not Semidalis pseudoiincinata MeinaN- 


Tablc 1. List of spccics of Nciiroptcra rccordcd in the oak forest habitats 


at Strunjan and Osp diiring 1997 

Species Osp Strunjan 

Coniopterygidae 

1. Coniopteryx lentiae II. ASPOCK & U. ASPOCK, 1964 + 

2. Semidalis aleyrodiformis 1836) + + 

3. Semidalis pseudoiincinata MeinaNDER, 1963 + 

I Icmcrobiidac 

4. Wesmaeliiis suhnehidosus 1836) -f + 

5. Hemerobius liunndinus Linnaeus, 1758 + 

C. Hemerobius micans OUWIER, \192 + + 

7. Hemerobius gilvus STEIN, 1 863 + 

8 . Synipherobius pygmaeus ( R A M BUR , 1842) + + 

Chrysopidac 

9. Nineta Pava {SCOPOU, 1763) + 

10. Clirysopa perla (LinnaeUS, 1758) + 

1 1. Clirysopa formosa BRAUER, 1850 + 

12. Clirysopa viridaria SCHNEIDER, 1845 + + 

\2. l'>iclioclirysaflavifrons + + 

\ A. l'>iclioclirysa abdominalis {l^R/K\}ER, 1856) + + 

\ 5. Dichochrysa zelleri iSC\\NE\DER, 1851) + 

\ 6. Chrysoperia hicasina {LaCROIX, \9\2) + + 

Myrmcleontidac 

17. Euroleon nostras (GeoFFROY in FOURCROY, 1785) ++ 
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DER which inhabits Cupressaceae. On the other hand, some neuropteran species 
were recorded from only one piant substrate species. These species are Coniop- 
teryx lentiae ASPOCK et ASPOCK, Semidalis pseiidoimcinata, Hemerohiiis hiimu- 
liniis, H. gilvus Stein, Nineta flava (SCOPOIJ), Chrysopa perla (L.) and Diclio- 
chrysa zclleri (SCHNEIDER). At least some of these species are known in Eiiropean 
temperate forests as eurytopic. 

Table 2. Neuroptera on clilTcrcnl substrate spccics in Osp and Strunjan 


Neuropteran species No. of Substrate species 

substrate spccics 


Coniopteryx lentiae 

1 

Ostrya carpinifolia 

Coniopteryx sp. 

3 

Ostrya carpinifolia, Quercus pubescens, Q. ilex 

Semidalis aleyrodifonnis 

4 

Cotinus coggygria, Crataegus sp.. Fraxinus 
ornus, Ostrya carpinifolia 

Semidalis pseiidoiincinata 

1 

Cupressus sempervirens 

Semidalis sp. 

6 

Cotinus coggygria, Crataegus sp.. Fraxinus 
ornus. Hedera helix, Quercus pubescens, Q. ilex 

Wesmaelius suhnebiilosiis 

3 

Fraxinus ornus. Hedera helix. Paliurus 
spina-christi 

Hem e roh ius li um idin iis 

1 

Cotinus coggygria 

H eme robius micans 

6 

Cotinus coggygria, Crataegus sp.. Fraxinus 
ornus, Ostrya carpinifolia. Quercus pubescens, Q. 
ilex 

Hemerohiiis gilvus 

1 

Quercus pubescens 

Sympherohius pygmaeus 

4 

Carpinus orientalis. Fraxinus ornus, Ostrya 
carpinifolia. Quercus pubescens 

Nineta flava 

1 

Quercus pubescens 

Chrysopa perla 

1 

Cotinus coggygria 

Chrysopa formosa 

2 

Fraxinus ornus, Spartium junceum 

Chrysopa viridana 

2 

Fraxinus ornus. Quercus pubescens 

Dichochrysa Jlavifrons 

10 

Acer monspessulanum. Carpinus orientalis, Celtis 
australis, Cotinus coggygria, Crataegus sp.. 
Fraxinus ornus, Ostrya carpinifolia. Pistacia 
terebinthus, Quercus pubescens, Q. ilex 

Dic hoc h rysa abdominalis 

6 

Acer monspessulanum. Fraxinus ornus. Hedera 
helix. Pistacia terebinthus. Quercus pubescens, Q. 
ilex 

Dichochrysa zelleri 

1 

Ostrya carpinifolia 

Chrysoperla lucasina 

5 

Carpinus orientalis, Cotinus coggygria. Fraxinus 
ornus, Ostrya carpinifolia Quercus pubescens 
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3. Substrate species inhabited by Neuroptera 

Substrate species Osp 


Strunjan 

Number of 
species 

Number of 

individuals 

Number of 
species 

Number of 
individuals 

Acer monspessuhouun 2 

7 

- 

- 

Carpinus orientalis - 

- 

3 

5 

Celtis australis 1 

1 

- 

- 

Cotinus co^^ys^ria 2 

2 

6 

18 

Cratae^us sp. - 

- 

3 

9 

Cupressus seinpervirens - 

- 

1 

1 

Fraxinus ornus 3 

8 

8 

21 

Hedera helix 3 

4 

- 

- 

Ostrya carpinifolia 6 

15 

6 

10 

Paliurus spina-christi 1 

1 

- 

- 

Pistacia terebinthus 2 

12 

- 

- 

Quercus pubescens 1 

1 

10 

24 

Quercus ilex - 

- 

5 

6 

Spartium junceum - 

- 

1 

1 

Tahle 4. Neuropteraii assseniblages in oak forests (with Quercus pubescens and Q. ile.x\ Osp and 
Strunjan) and in tlie garrigue (Cisto-Ericetuni arboreae; Premantura) 

Species 


Oak forests 

garrigue 

Coniopterygidae 

Coniopteryx p}\^maea PNDERLEIN, 1906 



+ 

C haematica McLacHLAN, 1863 



+ 

C esbenpeterseni JiEDER, 1930 

C. lentiae II. ASPOCK & U. ASPOCK, 1964 


+ 

-f 

Semidalis aleyrodiformis (STEPHENS, 1836) 




S. pseudouncinata MEINANDER, 1963 


+ 

+ 

Mantispidae 

Mantispa styriaca (PODA, 1761) 



4- 

llcnierobiidae 




Wesmaelius subnebulosus (STEPHENS, 1836) 


+ 


Hemerobius humulinus LiNNAEUS, 1758 


+ 


Henierobius micans OlJVIER, 1792 


+ 


Hemerobius gilvus Stein, 1863 


4- 


Sympherobius py^maeus (Rambur, 1842) 


+ 

4- 
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Tablc 4 (continucd) 

Species _ Oak forcsts garrigue 

Chrysopidae 

/talochrysa italica {ROSS\, 1790) + 

Ninetajlava {SCOPOU, 1763) + 

Chrysopa perla {UnnAEUS, 1758) + 

Chrysopa dorsalis BURMEISTER, 1839 + 

Chrysopci formosa 1850 + 

C/irysopa viridana SCHNEIDER, \S45 + + 

Chrysopa pallens {RamBVR, 1839) + 

DichochrysaJlavifrons{BRA\JER,\?>5{)) + + 

Dichoc/irysa abdominalis {BravER, 1856) + + 

Dichochrysa zelleri (SCHNEIDER, 1851 ) + 

Chrysoperla lucasina {LACROW, \9\2) + + 

Myrmcleontidac 

Palpares lihellidoides {L\NNAE\J?>, 1764) + 

Eiiroleon nostras (Geoffroy in FOURCROY, 1785) + 

Macronemiirns appendiculatiis (Latreille, 1807) + 

Distoleon tetragrammicus {¥aer\C\\JS, 1798) + 

Creoleon plumbeus {Olwxer, 1811) + 

Ascalaphidac 

Deleproctophylla australis {PAEKXCWJS, 1787) + 

Lihelloides macaronius {?iCO?OE\, 1763) + 


Table 3 shows the numbers of species and individuals of Neuroptera re- 
corded at the two oak forest locations for each of the recorded piant substrates. 

The faunal composition of the two oak forests is compared with the fauna of 
the garrigue froni the southernmost part of Istria (Table 4). Whilst in both wood- 
land habitats arboreal species dominate, in the gan igue habitat the niimber of spe¬ 
cies preferring grassy steppes is miich higher. 

The number of species recorded in the oak forests is considered likely to be 
aitificially low as a consequence of the brevity of the sampling period. 

* 

Acknowledgements - Thanks are due to Maja Filipovic for hclp in Ihc field work and two 
anonymous rcviewcrs for valuablc and helpfiil comments on first manuscript. 
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FORHST EDGHS ARE BIODIVERSITY HOTSPOTS 
- ALSO FOR NEUROPTERA 

Duelli, P.', Obrist, M. K.' and P. F. FlOckiger' 

‘Swiss Federal Research Institute WSL, CH-S903 Rirmensdorf, Switzerland 
E-mail: peter.duelli@\vsLch 

-Naturmuseum Olten, Kirch^asse 10, CH-4600 Olten, Switzerland 
E-mail: naturmuseumO^stadt.olten.ch 

In a rcscarch projcct invcstigaling ihc contribulion of forest ccolonc striicturcs lo rcgional ar- 
thropod biodiversity, Ihc ncuropicran laiina was assessed al five dilTcrcnlly-strucUircd forcsl 
cdgcs and, for comparison, 50 m inside ihc forcsl. Arlhropods wcre collcclcd from Fcbriiary lo 
November by means ofpiirall iraps, window (inlcrceiMion) iraps and ycllow vvalcr pans. The 
traps wcre inslallcd along iransccls, rcaching horizonlally from Ihc open cullivaled land inio 
Ihe forcsl and vertically, on scaffolds, from Ihc groiind up lo Ihc Irce crowns. 

Forcach of ihc spccics of Ihc insccl orders Nciiroplcra (59), Raphidioplcra (3) and Mccoplcra 
(2), spalio-lcmporal dislribulion pallcrns from open habitals inio the forcsl can bc gcneralcd 
from ihe availablc dalabasc. Only 3 spccics (5%) wcre cqually or more niimcrous inside Ihc 
forcsl than al Ihc cdgcs. Of parliciilar inlcrcsl is ihc dislribulion in spacc and lime of Ihrcc sib- 
ling spccics of Ihc Chrysoperla carnea complex (C. lucasina, C. pallida, C. carnea). 
Nciiroplcra and Raphidioplcra showcd Ihcir higlicsl spccics numbers in Ihc shrub bclt and Ihc 
forest manllc, whilc Ihc Mccoplcra preferred the hcrbaccoiis fringe. Traps localcd dccpcsl in¬ 
side the forcsl yicidcd the lowcsl number of spccics. In the forcsl interior, spccics numbers 
pcakcd in the canopy. I lowcvcr, Ihe canopy yicidcd markcdly fcwcr species than the forcsl 
cdgcs. wSlccp forcsl cdgcs containcd 24% more spccics than the forest interior, slopcd, struclur- 
ally rich forest cdgcs even 60% more. 

Kcy words: Nciiroplcra, Raphidioplcra, Mccoplcra, biodiversity, forcsl cdgc, canopy 


INTRODUCTION 

It is generally assunieci that forests harboiir Ihe highest propoition of the 
woiid\s biodiversity, and that the larger the forests are, the higher is the biodiversity 
they contain. While this niay be triie for virgin rain forests in the tropies, the situa- 
tion in inanaged forests in temperate climates seems to be quite different. 

For niimeroiis taxa of the invertebrates, which contribute world-wide with 
more than 73% of ali described organisms most to biodiversity, we tested the fol- 
lowing hypotheses: 

- so called “forest species” are in fact mainly forest-edge species, i.e. species 
numbers decline towards the forest interior; 
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- highly structured forest edges contain more species than abrupt or steep 
forest edges, because the latter lack ecotonal structures such as a proper 
shrub belt and/or a forest mantle. 

We here repoit on the Neuroptera and Raphidioptera, insect orders known to 
be prevalently arboreal, as well as the Mecoptera, which also are generally associ- 
ated with forests. 


MATERIAL AND METHODS 

Arthropod biodiversity was mcasured 1994 and 1995 at fivc diffcrently structured forest edges 
and, for comparison, 50 m inside one oftlie forests (Fluckiger & Duelli 1997, Fluckiger 1999). In 
addition, the results of these transects werc linkcd to the data of a 5km-transect through agricultural 
and seminatural hahitats, which had been assessed in the samc region in 1987 (Duelli ct ciL 1992, 
Duelli & Obrist 1995, Duelli & Obrist 1998). All study sites were located along the slopes ofthe 
Jura Mountains in north-western Switzerland. 

Arthropods wcre collectcd with standardized faunistic sampling methods from February to 
November hy means orpitfall traps, window (interception) traps (Fig. 1), and yellow water pans 
(Duelli et al. 1999). The traps at the forest edges were installed along transects, rcaching horizon- 
tally from the open cultivated land into the forest and vertically, on metal scaffolds, from the ground 
up to the tree tops. 

The horizontal transects on the surfacc consistcd of one trap station in cach ofthe following 
ecotone structures: (1) cultivated land, traps at a distance of 10 m from the hcrbaceous fringe of the 
forest edge; (2) hcrbaceous fringe: (3) shrub hclt, just bchind the herbaccous fringe, but traps werc 
displaced sidc-ways to kccp a distance of at Icast 10 m to the station in the herbaccous fringe; (4) not 
commcrcially used forest beneath the forest mantle, just 1 m bchind the shrub belt; (5) not commer- 
cially used forest ecotone 10 m inside the hcrbaceous fringe. 

One of the horizontal transects through a highly structured forest edge ended with a trap sta¬ 
tion 50 m inside a bcech forest. Here, a metal tower was placcd for constructing a vcrtical transcet, 
representing the forest interior. Trap stations were mountcd on scaffolding at heights of 0 m (Hight 
traps actually at 1.5 m above ground), 4 m, 12 m, 20 m, and 28 m. 

The other vcrtical transects followcd the smooth or steep slopes of the fivc forest edges. At the 
two highly structured (smooth) forest edges, traps werc placcd in steps of 4 m hcight up to the canopy. 
In the three steeper forest edges, the steps between heights were 8 m. 

The data for all groups, including Neuroptera, Raphidioptera and Mecoptera, werc processed 
in a faunistic data base, custom programmed in Oracle (Oracle Corporation, USA). 


RESULTS 

In the course of two years of collecting, 58 species of Neuroptera, 3 of the order 
Raphidioptera and 2 of the Mecoptera were collected. The family Hemerobiidae, 
with 26 species, contributed most to neuropteran diversity of forest edges, followed 
by the Chrysopidae with 18 species, and the Coniopterygidae with 13 species. 
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Fig. 1. Sloped, highly structured torest edge along a inixed bcech forest at Rickenbach (Western 
Switzerland). One (horizontal) transect ol trap stations (window interception trap in the loreground) 
started 10 ni outside the herbaceous fringe ofthe forest edge and lead 50 m into the forest, the other 
(vertical) transect lead from the herbaceous fringe to the canopy 
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For each species, the distribution of the yearly catches was displayed on a 
Standard chait showing the trap locations of the fi ve forest edges and the forest in¬ 
terior in scheiTiatic form (example Nothochrysa fiilviceps shown in Fig. 2). Sim- 
ilarly, the species numbers of selected families, or all the families, can be displayed 
on siich chaits (Fig. 3). 

Generally, species numbers were higher in the gently sioped (structured) for¬ 
est edges, as compared to the steep forest edges, where the forest mantle and/or the 
shrub belt was missing. In those steep edges, the herbaceoiis fringe usually was 
right at the base of the first row of tali trees. On average, species numbers per trap 
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Fig. 2. Numbers of individuals of the chrysopid Nothochrysa fiilviceps collected per year in the dif¬ 
ferent trap statioris of the two sioped, highly structured forest edges, the three steep edges, and the sta- 
tion in the forest interior, 50 m from the edge. The same distribution chart was performed for all 63 
species collected during this project. Empty spaces in the horizontal transects mean that the particular 
forest structure was missing, empty ficlds in the vcrtical transects mean that there was no trap 
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heighl were lowest in the forest interior, 24% higher in the steep forest edges, and 
even 60% higher in the structured forest edges. 

For a general overview of the spatial distribution of neuropteran diversity in 
and aroiind forested areas, the yeaiiy species numbers collected in the Rickenbach 
transect (mixed beech forest, gently sloped, with the control tower 50 m in the for¬ 
est interior) are combined here with that of an eaiiier transect (DUELLI ct al. 1992, 
Duelli & Obrist 1998), in which exactiy the same trap types and the saine col- 
lecting period had been applied in a nearby area. Fig. 4 cleaiiy shows a maximum 
of species in the shrub belt and mantle of the forest edge. Away from the forest 
edge, as well as towards the forest interior, the species numbers decline rapidly. Of 
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Fig. 3. The samc format as shown in Eig. 2 can bc used, as shown here, lo display the species numbers 
per trap statiori per year (Neuroptera, Raphidioptera, Mecoptera). Empty spaces in the horizontal 
transects mean that the particiilar forest structure was missing, empty fields in the vertical transects 

mean that there was no trap 
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all the species of Neuroptera, Raphidioptera, Megaloptera and Mecoptera col- 
lected in this enlarged transect, only the two species of the order Megaloptera, 
Sialis lutaria and S. fiiliginosa, were found to be more frequent outside the forest 
zone. All other species were most frequently collected in or along the forest. 
Within the forest, the canopy yielded the highest diversity (18 species), but stili far 
less than the forest edge (30 species). 

To test the hypothesis, that most species are in fact forest edge species, and 
not real forest (interior) species, the spatial distribution of each single species was 
qiialified in a standardized chart cumulating and weighing the information from all 
forest edges and the forest interior. For each trap location in the idealized transect 
depicted as an example in Fig. 5, the number of specimens collected had to be di- 
vided by the number of traps available at that location. This procedure is only an 
approximation to the real distribution of a species, since not all trap sites in the 
chart of Fig. 5 had the same probability to collect at least one specimen. Some 
structures were lacking in ceitain forest edges, or the structure had been sampled 
for two years instead of only one. 

The distribution of each species shown in the idealized transect of Fig. 5 led 
to an interpretation of the favourite habitat of that species. The relative figures (in 
%) allow for an arbitrary threshold (here 20%) to decide, which of the forest struc¬ 
tures are prefened by the species in question. According to Fig. 5, Phaeostigma 



Fig. 4. Trap statiori transect extcnded from ihc Rickcnbach forest edge into open country (agricultuic, 
wetland). The sizc of the black dots indicates species richness per yearly cateh. A maximum of 30 
species was collected in the mantle structure, and 18 species in the forest canopy 50 m inside the forest. 
Two species of Sialis (Megaloptera) were restricted to the transect extension into open countryside 
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notata is a ‘'manlle-species”, becaiise Ihc two highesl catches (both over 20%) are 
in the mantie region. Tablel clefines the criteria for qiialifying thc species accord- 
ing to Iheir spatiai distribulions. Only 14 species could nol be cjualified, becaiise 
Ihey were too rare or Iheir dislribiition did not fit any of the qualifications defined 
in Table 1. 

'rabk* I. Typcs of habitat prcfcrcnccs according to thc spccics distribution pattcrns exempli ficd in Pig. 
5. The right coluinn shows thc number of species attributcd to thc different typcs of habitat prefercnces 


Triie forest spccics (catches in interior cqual to or higher than cdgc) 3 

Canopy species (2 best catches in topmost 2 traps) 3 

Mantlc spccics (2 best catches in upper cdgc traps) 14 

Shaib bclt spccics (2 best catches in lower cdgc traps) 9 

llcrbaccous fringe spccics (maximum in hcrbaccous fringe) 9 

Contact zonc spccics (prcscncc in most of thc pcriphcral traps) 7 

Ubiqiiist spccics (similar prcscncc in most structures) 4 

Open land spccics (maximum cateh outsidc forest) 0 

Not classificd (too rare or crratic distribution) _ 14 

Total (Neuroptera, Raphidioptera, Mccoptcra)^ 






Mantie, 

Canopy 

2.33 

29% 

0.00 

Canopy 30 m 




Mantie 

2.50 


0.00 

Forest 22 m 





31% 






Shrub, 

Mantie 

1.14 

14% 



0.00 

Forest 14 m 


Shrub 

0.33 

4% 




0.00 

Forest 6 m 

0.83 

0.50 

0.20 

0.00 

0.17 

0.00 

0.00 

Forest floor 

10% 

6% 

2% 


2% 




Cult. 

Herb. 

Shrub 

Mantie 

Forest 1m Forest 11 m 

Forest 50 

m 


Kig. 5. All Information from thc various transcets condensed into an idealized slopcd forest cdgc: In 
our cxamplc of thc snakclly species Pluieostigma notata, thc upper figures per trap station represent 
average numbers of individuals collcctcd per trap per ycar at comparablc trap locations of thc differ¬ 
ent forest cdgc sites. Pcrccntagcs are given (lower figures) to identify habitat prcfcrcnccs according 
to criteria listcd in Table 1. Undcrlincd are pcrccntagcs above an arbitrary thrcshold of 20%. Cult.: 
cultivatcd arca (mcadow, ficld crop, ctc.) with traps 10 m away from thc forest cdgc 
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Table 1 shows the number of species for the different habitat qualifications 
and Table 2 shows the habitat preferences for the listed single species. The most 
striking resuit is that only three species, Hypochrysa elegans, Hemerohiiis micans, 

Table 2. List of species collected, with number of specimens per species, habitat preference accord- 
ing to spatial distribution (Fig. 5) and preference criteria defined in Table 1. Flight phenology is 
shown to the right, where llight peaks are indicated proportionally for species with a total of more 
than 4 specimens collected. Doiible squares are peaks for months with more than 33% of the yearly 
cateh, triple squares for catehes of more than 66% 


Order 

Family ^ 

^ Species 

Specimens 

collected 

Habitat 

preference 

Phenology 

Ipebruary 

March 

< 

$ 

0) 

c 

3 

>. 

3 

August 

September 

October 

November | 

Neuroptera 













Coniopterygidae 













Coniopteryx borealis 

63 

mantie 




m 

1 

■ 

■ 




Coniopteryx drammonti 

2 

shrub belt 






■ 





Coniopteryx esbenpeterseni 

13 

herb. fringe 




m 

1 






Coniopteryx haematica 

1 

not class. 







■ 




Coniopteryx lentiae 

24 

herb. fringe 





■ 

1 

1 




Coniopteryx pygmaea 

152 

shrub belt 



■ 

1 

■ 

■ 

■ 




Coniopteryx hoeizeli 

91 

herb. fringe 




■ 

■ 

■ 

1 

■ 



Coniopteryx tineiformis 

200 

mantie 




■ 

■ 

■ 

1 

■ 


■ 

Conwentzia pineti cola 

5 

contact zone' 






■ 

1 


■ 


Conwentzia psociformis 

15 

mantie 




■ 

■ 

■ 

1 

■ 



Helicoconis lutea 

32 

herb. fringe 




■ 

1 

■ 





Parasemidalis fuscipennis 

6 

shrub belt 





1 

■ 

1 




Semidalis aleyrodiformis 

7 

herb. fringe 





1 

P 

■ 




Hemerobiidae 













Drepanepteryx algida 

2 

not class. 





■ 



■ 



Drepanepteryx phalaenoides 

4 

mantie 





■ 



■ 


■ 

Hemerobius atri frons 

2 

not class. 



■ 




■ 




Hemerobius fenestratus 

9 

contact zone 





■ 


1 

1 



Hemerobius gilvus 

1 

not class. 







■ 




Hemerobius handschini 

4 

not class. 



■ 



■ 

■ 




Hemerobius humulinus 

282 

shrub belt 



■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

Hemerobius lutescens 

8 

mantie 





■ 


■ 

1 



Hemerobius marginatus 

23 

ubiquist 











Hemerobius micans 

261 

true forest 











Hemerobius nitidulus 

18 

mantie 



■ 

1 


■ 

1 

■ 

■ 


Hemerobius perelegans 

3 

shrub belt 




■ 

■ 

■ 





Hemerobius pini 

163 

shrub belt 




■ 

■ 

■ 

1 

■ 

■ 

■ 

Hemerobius stigma 

20 

canopy 



■ 


■ 

1 

1 

■ 



Micromus angulatus 

3 

herb. fringe 






■ 

■ 




Micromus variegatus 

10 

herb. fringe 






i 

J. 
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Order 

Species 

Specimens 

collected 

Habitat 

preference 

Phenology 

Febmary 

March 

•C 

Q. 

< 

I 

0) 

c 

3 

3 

August 

September 

bctober 

V 

E 

a> 

> 

o 

z 

Neuroptera 












Hemeroblldae continued 












Sympherobius elegans 

11 

not class. 




1 

■ 

1 

■ 



Sympherobius fuscescens 

4 

not class. 




■ 

■ 





Sympherobius klapaleki 

1 

not class. 






■ 




Sympherobius pellucidus 

67 

ubiquist 



■ 

■ 

■ 

1 

■ 



Sympherobius pygmaeus 

4 

mantie 




■ 

■ 





Wesmaelius concinnus 

18 

mantie 




■ 

■ 

1 

■ 



Wesmaelius fassnidgei 

1 

not class. 






■ 




Wesmaelius nervosus 

7 

canopy 


■ 

■ 



■ 

■ 



Wesmaelius quadrifasciatus 

21 

shrub belt 




■ 

1 

■ 




Wesmaelius subnebulosus 

15 

contact zone 




JL 

1 

■ 

■ 


■ 

Chrysopidae 












Chrysopa dorsalis 

1 

not class. 





■ 





Chrysopa pallens 

1 

not class. 






■ 




Chrysopa peda 

1 

not class. 





■ 





Chrysoperia pallida 

602 

mantie 

■ ■ 

■ 

■ 

m 

1 

1 

■ 

■ 

■ 

Chrysoperia carnea 

250 

ubiquist 

■ 

■ 

■ 

m 

■ 

1 

■ 

■ 

■ 

Chrysoperia lucasina 

98 

ubiquist 




m 

■ 

1 

■ 

■ 

■ 

Chrysopidia ciliata 

57 

shrub belt 




■ 

1 

1 




Cunctochrysa albolineata 

62 

contact zone 



■ 

■ 

■ 

1 

■ 

■ 


Dichochrysa abdominalis 

63 

mantie 




■ 

■ 

1 

■ 



Dichochrysa flavifrons 

167 

contact zone 





■ 

1 

■ 

■ 


Dichochrysa prasina 

111 

contact zone 




■ 

■ 

1 

■ 

■ 


Dichochrysa ventralis 

54 

shrub belt 




■ 

1 

1 

■ 



Hypochrysa elegans 

124 

true forest 


■ 

■ 

1 

■ 





Ni neta flava 

39 

canopy 




■ 

1 

1 

■ 



Nineta pallida 

94 

contact zone 




■ 


■ 

1 

■ 


Nineta vittata 

1 

not class. 





■ 





Nothochrysa fulviceps 

155 

true forest 




■ 

1 

1 

■ 



Peyerimhoffina gracilis 

32 

mantie 


JL 

JI 






Myrmelcontidac 












Euroleon nostras 

1 

not class. 





■ 





Mecoptera 












Panorpidae 












Panorpa communis 

910 

herb. fringe 



■ 

1 

1 

■ 

■ 



Panorpa germanica 

987 

herb. fringe 




JL 


■ 

■ 

■ 


Raphidioptera 












Raphidiidae 












Phaeostigma notata 

44 

mantie 



■ 

1 

■ 





Puncha ratzeburgi 

11 

mantie 




■ 

1 

1 




Venustoraphidia nigricollis 

23 

mantie 




± 

± 
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and to a lesser degree Nothochrysa fiilviceps, are truly species of the forest interior. 
On the other hand, no species was found preferentially outside the forest, and even 
the four species considered being “ubiquists” have a stronghold in the forest edge. 

The species charts shown in Figs 2-A can also be displayed at weekly or 
monthly intervals. Species distributions in both space and time cannot be shown 
here, but some indication on adult flight phenologies is given in Table 2. 

For the newly (re-) detected sibling species of the Chrysoperla carnea group, 
the spatial distributions in winter and summer are of paiticular interest. Chrysoper¬ 
la lucasina (Henry et al. 1996) and C. carnea (Henry et ai 2002; Cc4 sensu 
Duelij et al. 1996, “C. kolthoffV' sensu Leraut 1991) were both most frequent 
outside the forest in spring and summer, while in autumn and late winter they were 
mainly collected in the uppermost traps of the forest edges. In autumn, C. carnea 
was also trapped in large numbers in the canopy layer of the forest interior. C. 
pallida (Cc2 sensu DUELLI et al. 1996, “C. carnea'' sensu Leraut) seems to be 
strictly arboreal, with a preference for the forest edges all year round. Only few 
specimens were collected outside the forest. In autumn and late winter, equal num¬ 
bers of C. pallida were collected in the interior forest and in the edges. 


DISCUSSION 

Neuroptera and Raphidioptera are generally considered to be mainly arboreal 
(ASPOCK et al. 1980), while the Mecoptera are far less associated with forested ar¬ 
eas. So the question “what is a real forest species?” is particulaiiy pertinent for the 
Neuroptera and Raphidioptera. A species here is considered to be arboreal if it de- 
pends to a large degree (e.g. for some period during its lifetime) on the presence of 
trees. But that does not necessarily mean that it is a forest species. We can distin- 
guish “true forest species”, which depend to some degree on the presence of for- 
ests. Without closed stands of trees covering a certain area, that species would not 
be there at all. Additionally, there are “facultative forest species”, which can live in 
forests, but also in areas with scattered single trees, or groups of trees. They do not 
depend on closed forest stands, and therefore the size of a forest area is not of cru- 
cial impoitance to their existence. Furthermore, of course, there are species, which 
do not even depend on the presence of trees. 

Nature conservation often deplores the fragmentation of managed forests, 
because fragmentation is seen as a major cause for the loss of biodiversity. 

Our aim was to search for exactly the kind of species that are threatened by 
extinction when forest areas are diminished or fragmented. Island biogeography 
theory (MacArtmur & WlLSON 1967) predicts, that with diminishing area of a 
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habilal islanci, the species nuniberor habitat specialists will diminish too (Mai:)!^^ 
1983). Many Neiiroptera and Raphidioptera are undoiibtedly habitat specialists in 
forested areas. Are they threatened by IVagnientation of forests? 

To answer that qiiestion, we had to find oiit their habitat prelerences in for- 
ested areas. Are they forest specialists, i.e. more common in forests than oiitside? 
To be threatened by fragmentation of forest areas, a species has to be a “triie forest 
species”, which prefers the forest interior to the forest edges. Ecotone species, 
which are habitat specialists for forest-edge structiires, such as the forest mantle, 
the shriib belt or even the herbaceoiis fringe (which is considered here to be an im¬ 
portant ecotone structure of forests), may depend on the presence of forests, but do 
not vitally depend on the forest interior, and thereby will not make use of a larger 
forest area. 

Table 1 and 2 clearly show that only a small minority of three species (5%) were 
collected inside the forest at ecjual or higher numbers than at the forest edges. For 
all other species (95%) we can assume that the size of the forest interior does not 
really matter much, as long as their preferred habitat within the forest edge is in- 
tact. Since we also collected very eaiiy and late in the season, we can exclude that 
some of these ecotone species depend on the forest interior for hibernating. The ob- 
served movement of the Chrysopcrla species (which hibernate as adults) from the 
edge to the interior in late autumn hardly reached the tower site at a distance of 50 
m to the forest edge. 

These findings for two insect orders, notorious for depending on forests, 
open up the qiiestion on how generally applicable our hypotheses is, that most for¬ 
est species in managed forests in fact are forest edge species. In Danish beech for¬ 
ests, species diversity of vascular plants was negatively correlated with forest area 
(Lawesson et ai 1998). But the authors identified some habitat specialists for the 
forest interior, which they interpret as specialists for ancient forests. Continuity of 
forest cover seems to be more important than forest size. In our neuropteran sample 
of only three true forest specialists, none of them is known to be dependent on an¬ 
cient forests. 

Several published records show that within the interior of managed forests 
the number of arthropod species and individuals collected is higher in the canopy 
than on the ground or in between (Stork et al. 1997). That is consistent with our 
findings for the Neuroptera, but neglects the fact that there are even more species, 
and individuals of these speeies, in the ecotone structiires at the forest edge, than in 
the canopy. 

Only few publications deal with the spatial distribution of Neuroptera, Raphi¬ 
dioptera, or Mecoptera in forests, and particulaiiy in forest edges. Canopy Neuro¬ 
ptera were collected in various forests in Poland by (CZECIIOWSKA 1994), but 
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Ihere was no comparison with other forest stmctiires. Saure and KlELHORN 
(1993) collected Neiiroptera on oaks and wScots pine in urban forests of Beiiin. Af- 
ter correcting Iheir figures for collecting effort, two-thirds of the species on oaks 
were collected in higher niimbers al 15 m heighl than at 5 m. In our samples in 
beech forest, all species collected in the forest interior increased with height. But at 
the forest edges, most Coniopterygidae were preferentially in the herbaceous and 
shrub layer, most Hemerobiidae at intcrmediate heights in the shrub or mantle 
layer, and the Chrysopidae had their maxima in the upper mantle layer. 

Saure and Kielhorn (1993) identified Sympherobius klapaleki as a canopy 
species on oak. We only collected one specimen, and it also was found in the can¬ 
opy layer of a mixed beech forest with scattered oaks. The flight phenologies givcn 
by Saure and Kielhorn (1993) largely coincide with ours, but in general the spe¬ 
cies in Switzeiiand staited out three weeks later, which is likely to be due to an ele- 
vation of 460-620 m in Switzerland, instcad of less than 100 m at Berlin. 

Of particular interest was the distribution of the three sibling Chrywopcrla 
species in space and time. Thierry et al. (1995) investigated the hibernation sites 
of all three species in Central France. Theevergreen C. Iitcasina was only found in 
ivy tufts, C. carnea (called “C. kolthofjr), with colour change, mostly in buildings, 
but in late winter together with C. pallida (called “C. carnea"') in dry leaves and ivy 
tufts. The resLilts of our trap catches show that both C. lucasina and C. carnea enter 
the forest ecotone structures in autumn and stay there until next spring. While hi- 
bernating C. lucasina were only collected in traps in the forest edge, C. carnea 
also was found in large numbers in the canopy of the forest interior. We suspect 
that these individuals were caught in transit over the forest. C. pallida was by far 
the most abundant neuropteran insect in the forest edges all year round. In autumn 
and late winter, relatively more specimens were collected in the forest interior than 
in spring and summer, indicating a slight population movement in that species also 
- from the edges towards the interior. 
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LIST OF THE NAME-BEARING NEUROPTERIDA TYPES IN 
THE COLLECTION OF THE NATIONAL MUSEUM OF 
NATURAE HISTORY, SMITHSONIAN INSTITUTION, USA 

(). S. 1^'LINT, .IR. 

Department of Entonwlo^y, National Museum ofNatural History 
Smithsonian Institution, Washington, DC 20560, USA 
E-mail: Jl in t.oliver(aOimnlLsi.edu 

The collcction orNciiroptcricla at the National Muscum orNatural History, Smithsonian Insli- 
tution, is housccl in 221 inscet drawcrs and 31 1 boltlcs of vials. It is estimated to contain 132 
species of Mcgaloptcra, 1192 species of Neuroptera and 33 species of Raphidioptera. The 163 
name-bearing types are dividcd among the Mcgaloptcra (26), Neuroptera (134), and Raphi¬ 
dioptera (3). A list ofall the name-bearing types including author, year ot publication, country 
oforigin, and current placement is given; it is also notcd if it is a Icctotypc or ncotype. 

Kcy words: Neuroptera, Mcgaloptcra, Raphidioptera, name-bearing types, Smithsonian Insti¬ 
tution 


HISTORICAE REVIEW 

A National Museum was establishcd by the U.S. Government in 1842, four 
years before the founding in 1846 of the Smithsonian Institution, which soon ab- 
sorbed the National Museum. Entomological work in agriculture for the govern- 
ment was carried on in the Patent Office prior to the establishment in 1 862 of the 
Department of Agriculture wherein a position of Entomologist was specified 
(Ward 1976). C. V. Rilry and J. H. COMSTOCK served as eaiiy heads of Ento- 
mology in Agriculture and developed the first insect collections. The National In- 
sect Collection was initiated in 1881 when RlLEY, chief entomologist of the De¬ 
partment of Agriculture, was appointed honorary (i.e. unpaid) Curator of Insects at 
the Smithsonian Institution. He took this position very seriously and worked to es- 
tablish a salaried position of Assistant Curator. As soon as he was siiccessful he 
turned over his personal collection of some 150 000 insects (20 000 species) to the 
Institution and arranged the transfer of the Agriculture collection to the Museum. 
In 1894 the first Museum Aid appointed in the Museum was ROLLA P. CURRIE, a 
“Neiiropterist” in the classical sense. He, with his sister Ber i HA P. CURRIE, began 
to form a collection of international scope. 

CURRIE published ten papers on Neuroptera and another five on Odonata be- 
tween 1898 and 1918. In them he described one genus and 17 species and varieties 
of antlions (Myrmeleontidae) and 7 species of brown lacewings (Flemerobiidae). 
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The lypes of these species provided the nucleus of the Neuroptera collection in the 
National Museum. In addition, he spent 10 weeks in the summer of 1903 collecting 
insects in the company of H. G. Dyar and A. N. Caudell in the Kootenay District 
of British Columbia, and wrote a most interesting account of this trip (CURRIE 
1904). In 1904 CURRIE transferred to the Department of Agriculture where he soon 
was placed in charge of their editorial office. He retired in 1945 at the age of 70, but 
staited a new career, studying for, and being ordained as, a priest in the Episcopal 
Cluirch. He died in 1960 in his 86th year (Edmunds & MUESEBECK 1961). 

Between 1904 and 1916 Nathan Banks served as research taxonomist on 
insects and arachnids for the Department of Agriculture. Although his personal 
collection all went to Harvard University, there are some types and many deter- 
mined specimens in the National Collection bearing Bank’s labeis (Carpenter 
& Dargngton 1954). 

After Banks departure there was no specialist on the Neuropteroid orders in 
the Museum, what work was done was accomplished by the resident Oithopteroid 
specialists. Both A. N. CAUDELL and A. B. GURNEY took an interest in the order 
and published papers on various families. In 1944 SOPHY I. Parfin was hired by 
the Smithsonian to care for the various smaller insect orders. She published a num- 
ber of papers, the most noted being the revision of the spongilla flies (Sisyridae) 
coauthored with GURNEY (GURNEY & Walkley 1967). After she retired in late 
1960, I was hired to fili the same position and to curate and do research on the 
smaller insect orders, especially the “Neuropteroids". Although my research has 
been primarily on the caddisflies (Trichoptera) 1 have done a bit with the aquatic 
neuropteroids, and have been responsible for their curation. 


THE COLLECTION 

The collection of Neuropterida is mostly pinned and stored in unit trays in 
large, glass-topped insect drawers. Some material is in alcohol, mostly the imma¬ 
ture stages, but some adults also are kept this way. The entire collection occupies 
221 drawers (42 Megaloptera, 175 Neuroptera, 4 Raphidioptera), and 31 1 bottles 
(100 Megaloptera, 206 Neuroptera, 5 Raphidioptera) each with up to 20 internal 
vials of specimens. In terms of number of species, a quick count (not including un- 
identified material) gave 132 species of Megaloptera, 1 192 of Neuroptera, and 33 
of Raphidioptera. 

We have material from all over the world, but our holdings are most complete 
for North America. There have been no major private collections donated to us, but 
we have received some valuable material from outside donors. A synoptic collec- 
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lion was donalcd by Ihe Kenya Miisciini, W. R. B. Hynd has given synoptic col- 
lections of pAiropean species, and Waro Nakaiiara donaled a synoptic collec- 
tion oiMapanese Neuroptera. Miicli niaterial was collected for Ihe Museiini by Ihe 
missionary D. C. (iRAHAM in Sechiian, Cliina and adjacent regions. Most of the 
material has slowly aggregated from countless small lots from many soiirces. In re- 
cent years extensive field work by staff members of the Museum has added much 
material, cspecially from the Neotropical Realm. 


NAME-BEARING TYPES 

The name-bearing types are segregated from the main collcction, each one 
being its own unit tray in glass-topped museum drawers, or in bottles for the alco- 
holic examples. After the preliminary list was prepared all the names were checked 
against the original descriptions for authenticity, and then the specimens were lo- 
cated in the type collection to ensure accuracy. In the process some 6 more types 
were located, but another 4 that were syntypes were demoted, because lectotypes 
had been designated from other collections. I am now able to verify 163 name- 
bearing types - 26 Mcgaloptera, 134 Neuroptera, and 3 Raphidioptera 

The species are listed alphabetically by family, in their original combinations 
and spelling. The author, date of publication, and country (and state in the USA) of 
origin are given. The current generic placement or specific synonymy is given 
when there has been a change from the original status. It is noted if the specimen is 
a neotype or lectotype. 


MEGALOPTPRA 
Eamily Corydalidae 

ArchichaiiHodes pinares ElJNT , 1973; Chile. 

ChauHodcs (ui^nsticollis HagEN 1861; USA, Georgia; neotype; now in Neoher- 
mcs. 

Chlorofiia ahsoua Elint , 1992; Costa Rica. 

Chloronia antdliensis ELINT , 1970; Dominica. 

Chloronia ^tohosoi Penny et ELINT , 1982; Panama. 

Chloronia mirifica NAVAS, 1925; Costa Rica; neotype. 

Corydahis arpi NAVAS, 1936; Venezuela; neotype. 

Corydaliis australis ContreraS-RAMOS, 1998; Argentina. 
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Corydahis flinti CONTRERAS-Ramos, 1998; Venezuela. 

Corydaliis imperiosus CONTRERAS-RamOS, 1998; Argentina. 

Corydahis CON TRERAS-RAMOS, 1998; Boli via. 

Corydahis nehlinensis ContreraS-RamoS, 1998; Venezuela. 

Neohennes infiiscatiis Caudell, 1933; USA, California; jr. syn. on^rotochaulio- 
des minimus (Davis). 

Neohennes rnatheri FLINT, 1965; USA, Mississippi. 

Neiirotniis pallidus Davis, 1903; Mexico; now in Chloronia. 

Nothochauliodespenai FLINT, 1983; Chile. 

Platyneiiromiis soror var. hondiiraniis NavAs, 1928; Honduras; neotype; now 
Platyneiiromus hondui^aniis Navas. 

Platyneiiromiis i'eflexus Gl.ORlOSO et Flint, 1984; Mexico. 

Protochaiiliodes bullocki FLINT, 1973; Chile. 

Pf'otochauliodes ciner^ascens jiimipennis FLINT, 1973; Chile. 


Family Sialidae 

Sialis contigua FLINT, 1964; USA, Virginia. 
Sialis dreishachi FLINT, 1964; USA, Michigan. 
Sialis nevadensis Davis, 1903; USA, Nevada. 
Sialis nina TOWNSEND, 1939; USA, Kentucky. 
Sialis sinensis BANKS, 1940; China. 

Sialis spangleri FLINT, 1964; USA, Maryland. 


NEUROPTERA 
Family Ascalaphidae 

Stephanolasca alfierii NavAs, 1925; Egypt; lectotype; jr. syn. of Biibopsis hamata 
(KLUG), det. TJEDER. 

Tytomyia flinti TJEDER et Hansson, 1992; Senegal. 


Family Berothidae 

Nodalia aegyptiaca NavAs, 1926; Egypt; jr. syn. o\' Nodalia (Nodalia) saharica 
(ESBEN-PETERSEN), det. ASPOCK. 
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Poclcillea tjecleri U. ASPOCK et H. ASPOCK, 1981; Nigeria. 
Spirohcrotha sauctarosac ADAMS, 1990; Costa Rica. 


Family Chrysopidae 

Allochrysa titan BANKS, 1915; Costa Rica; now in Nacariiia. 

Chrysopa cidoina BANKS, 1946; Mexico; Jr. syn. o\ Ccracochtysa clavcri NAVAS. 
Chrysopa alethes BANKS, 1940; China. 

Chrysopa alfierii NAVAS, 1926; Egypt; Icctotypc; now in Brinckochtysa. 
Chrysopa califoniica COQUILLETT, 1890; UvSA, California; Jr. syn. of Chryso- 
peria plorabunda (FlTCll). 

Chrysopa chiorie BANKS, 1940; China; now in Rctipcnna. 

Chrysopa fratercula BANKS, 1940; China. 

Chrysopa y^rahatni BANKS, 1940; China; now in Retipenna. 

Chrysopa schwarzi BANKS, 1903; UvSA, New Mexico; now in Mcleonia. 
Chrysopa signatalis BANKS, 1911; USA, Texas; jr. syn. oi' Chrysopodes (Neosua- 
rius) collaris (SCBNEIDER). 

Dlchochrysa setosa HOLZEL et OHM, 1995; Madagascar. 
flypochrysa viridula Adams, 1978; Argentina. 

/talochrysa rnadagassa MOLZEL et OlIM, 1995; Madagascar. 

Leucochrysa cinctipes BANKS, 1915; I^anama; now in Berchtnansiis. 

MaUada (Triadochrysa) triany^ularis ADAMS, 1978; Mexico. 

Meleoma rnacleodiTlK\]\^ER, 1969; Mexico. 

Meleoina pipai T 1969; Mexico. 

Nodita pariamana BANKS, 1944; Panama; now in Leucochrysa (Nodita). 


Family Coniopterygidae 

Aleuropteryx arceuthohii MElNANDIik, 1975; USA, Colorado. 

Aleuropteryx vulgaris MEINANDER, 1972; USA, Texas. 

Bidesmida rnorrisoni }0\\NSON, 1977; USA, New Mexico. 

Coniopteryx angusta BANKS, 1906; USA, Arizona; now in Seniidalis. 
Coniopteryx (Scotoconiopteryx) hiapicata MEINANDER, 1983; Urugiiay. 
Coniopteryx (Coniopteryx) ceylonica MEINANDER, 1982; Sri Lanka. 
Coniopteryx (Xeroconiopteryx) diversiconiis MEINANDER, 1972; UvSA, Texas. 
Coniopteryx (Coniopteryx) doniinicana MEINANDER, 1974; I3ominica. 
Coniopteryx (Scotoconiopteryx) flinti MEINANDER, 1975; Mexico. 
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Coniopteryx (Coniopteryx) freytagonim JOHNSON, 1978; Honduras. 

Cofiiopteryx (Scotoconiopteryx) fwnicolor Meinander, 1972; Costa Rica. 
Coniopteryx (Scotoconiopteryx) isthmicola MEINANDER, 1972; Panama. 
Coniopteryx (Xeroconiopteryx) laticornis MEINANDER, 1972; Australia. 
Coniopteryx (Xeroconioptery^x) latilobiis MEINANDER, 1975; South Africa. 
Coniopteryx (Xeroconiopteryx) latistylus MEINANDER, 1982; Sri Lanka. 
Coniopteryx (Coniopteryx) macroscapes MEINANDER, 1990; Malaysia, Sabah. 
Coniopteryx (Coniopteryx) morobensis MEINANDER, 1990; Papua New Guinea. 
Coniopteryx (Coniopteryx) palpalis MEINANDER, 1972; Mexico. 

Coniopteryx (Coniopteryx) papiiensis MEINANDER, 1990; Papua New Guinea. 
Coniopteryx (Coniopteryx) simplicior MEINANDER, 1972; USA, Texas. 
Coniopteryx (Xeroconiopteryx) squamata MEINANDER, 1983; South Africa. 
Coniopteryx (Xeroconiopteryx) texana MEINANDER, 1972; USA, Texas. 
Coniopteryx (Xeroconiopteryx) virgina MEINANDER, 1990; U.S. Virgin Islands, 
St. John. 

Heteroconis papiiaensis MEINANDER, 1990; Papua New Guinea. 

Incasemiclalis chilensis MEINANDER, 1990; Chile. 

Neoconis bispina MEINANDER, 1972; U.S. Virgin Islands, St. Thonias. 

Neoconis dentata MEINANDER, 1972; Guatemala. 

Neoconis inexpectata MEINANDER, 1972; USA, Arizona. 

Neoconis marginata MEINANDER, 1972; USA, Texas. 

Neoconis unicornis MEINANDER, 1990; Colombia. 

Neosernidalis (Neosemidalis) hrevipennis MEINANDER, 1990; Papua New Guinea. 
Neoseniidalis (Leucosemidalis) furcifera MEINANDER, 1972; Australia. 
Pampoconis insulana MEINANDER, 1974; Jamaica; now in Neoconis. 
Pseitdoconis maculipennis MEINANDER, 1972; South Africa. 

Semidalis brasiliensis MEINANDER, 1974; Brazil. 

Semidalis ecuadoriana MEINANDER, 1983; Ecuador. 

Semidalis flinti Meinander, 1972; USA, Texas. 

Semidalis hidalgoana MEINANDER, 1975; Mexico. 

Semidalis inconspicua MEINANDER, 1972; USA, Virginia. 


Family Hemerobiidae 

Adelphohemerobiiis enigmaramus OSWALD, 1994; Chile. 

Allernerobius flaveoliis BANKS, 1940; China; now in Hemerobius. 

Annandalia irregularis CARPENTER, 1961; Caroline Islands, Truk; now in Psectra. 
Annandalia maculosa CARPENTER, 1961; Palau Islands, Babelthaup, now in Psectra. 
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Aiistrome^alomus insulanus OSWALD, 1988; French Polynesia, Auslral Islancls, 
Rapa. 

Hcnierohins harheri BANKS, 1903; USA, Arizona; now in Synipherohiiis. 

Hcnierohius hispinus BANKS, 1940; China. 

Henierohiiis histhgatiis CURRIB, 1904; USA, California. 

Hcnierohins caudcUi CURRIE, 1904; Canada; Jr. syn. oi Hemerohiiis conjunctus 

Fncn. 

Hcnierohins chiangi BANKS, 1940; China. 

Hcnierohins cliilcnsis Nakahara 1965; Chile. 

Hcnierohins dyari CURRIE, 1904; Canada; jr. syn. of Hcnierohins stigma vSTEPI IENS. 

Hcnierohins exceptatus NAKAHARA, 1965; Colombia. 

Hcnierohins glacialis CURRIE, 1904; Canada; jr. syn. of Hcnierohins conjunctus 
FITCII. 

Hcnierohins gralianii BANKS, 1940; China. 

Hcnierohins kokaneeanns ClJRRIE, 1904; Canada. 

Hcnierohins kootenayensis CURRlE, 1904; Canada; jr. syn. of Hcnierohins pini- 
dnnins FlTCll. 

Hcnierohins neadelplins GURNEY, 1948; Canada. 

Hcnierohins nekoi MONSERRAT 1996; Chile. 

Hcnierohins pallescens CURRWi, 1904; USA, California; jr. syn. Hcnierohins 
pacificus Banks. 

Hcnierohins scliwarzi BANKS, 1903; USA, Arizona; now in Wesniaelins. 

Hcnierohins solidarins MONSERRAT 1996; Colombia. 

Hcnierohins nnihratns BANKS, 1903; USA, Arizona; now in Synipherohiiis. 

Kininiinsia alexanderi NAKAHARA, 1965; USA, Alaska; jr. syn. of Wesniaelins 
nervosus (FABRICIUS). 

Kininiinsia constricta Parfin, 1956; USA, Alaska; now in Wesniaelins. 

Kininiinsia nielalenca NAKAHARA, 1965; Canada; jr. syn. of Wesniaelins nervosus 
(Fabricius). 

Kininiinsia olympica NAKAHARA, 1965; USA, Washington; jr. syn. of Wesniaelins 
constrictus (PARFIN). 

Megalonins latus BANKS, 1903; USA, Arizona; jr. syn. Megalonins nioestns 
Banks. 

Nenronenia similis BANKS, 1940; China. 

Nonierohins cuspidatus OSWALD, 1988; Argentina. 

Spinoniegaloninsflinti NAKAHARA, 1965; Chile; now in Megalonins. 

Synipherohiiis texanns NAKAHARA, 1965; USA, Texas; jr. syn. o\' Synipherohiiis 
arizonicns BANKS. 
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Family Myrmeleontidae 
Arciiicaleou inca BANKS, 1938; Bolivia. 

Brachynemunis harheri CURRIE, 1903; USA, Arizona; now in Gnopholeon. 
Brachynernunis hrunneiis CURRIE, 1898; USA, Wyoming; jr. syn. of Brachyne- 
miinis ferox (WalKER). 

Brachynemunis coqiiilletti CURRIE, 1898; USA, Arizona; now in Clathroneiiria. 
Brachynemunis curriei McCLENDON, 1906; USA, Texas; jr. syn. of Abatoleon 
dorsalis (BANKS). 

Brachynemunis delicatuliis CURRIE, 1903; USA, Arizona; now in Gnopholeon. 
Brachynemunis hiibhardii CURRlE, 1898; USA, Arizona; lectotype. 
Brachynemunis hubbardii var. nubeculipennis CURRIE, 1903; USA, Arizona; 

lectotype; syn. of Brachynemunis luibbardii. 

Brachynemunis intermedius CURRIE, 1903; USA, Arizona; now in Scotoleon. 
Brachynemunis irregularis CURRIE, 1906; USA, Texas. 

Brachynemunis niger CURRIE, 1 898; USA, Arizona; now in Scotoleon. 
Brachynemunispapago CURRIE, 1899; USA, Arizona; now in Mexoleon. 
Brachynemunis pusillus CURRIE, 1899; USA, New Mexico; lectotype; now in 
Chaetoleon. 

Brachynemurus c{uadripunctatus CURRlE, 1898; USA, Califomia; now in Scotoleon. 
Brachynemiirus schwarzi CURRIE, 1903; USA, Arizona; now in Clathroneiiria. 
Brachynemurus singularis CURRIE, 1903; USA, Arizona; now in Scotoleon. 
Brachynemurus yavapai CURRIE, 1903; USA, Arizona; now in Scotoleon. 
Capophanes conspersa BANKS, 1938; S.W. Africa (now Namibia). 

Dendroleon insolita BANKS, 1940; China; now in Biillanga. 

Distoleon boninensis ADAMS, 1959; Chichi Jima, Bonin Islands, Japan. 
Epacanthaclisis banksi KRIVOKHATSKY, 1998; China. 

Indophanes sinensis BANKS, 1940; China. 

Mossega waidoraensis NEW, 1990; Papua New Guinea. 

Myrmeleon immaculatus var. occidentalis CURRIE, 1903; USA, Arizona; jr. syn. 
of Myrmeleon exitialis WALKER. 

Myrmenemurus clavatus NavAs, 1926; Egypt; lectotype; jr. syn. of Mesonemuriis 
harterti NAVAS. 

Psammoleon sinuatus CURRIE, 1903; USA, Arizona. 


Family Nymphidae 

Osmylops nesos OSWALD, 1998; Papua New Guinea. 
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Family Osmyliclac 

Kcmpyuus digoniosti^ma OSWALD, 1994; Chile. 
Kcnipynus tjederi OsWALD, 1994; Chile. 

Osniylus taiwcmensis NFW, 1991; Taiwan. 


Family wSisyridae 

Cliniada chapini Parfin et GURNEY, 1956; USA, Texas. 
Cliniada diilena PARFIN et GURNEY, 1956; Chile. 
Cliniada doradensis Flint, 1998; Venezuela. 

Cliniada insolita Flint, 1998; Argentina. 

Cliniada lemniscata FLINT, 1998; Argentina. 

Cliniada striata PARFIN et GURNEY, 1956; Panama. 
Cliniada triplelionii FLINT, 1998; Argentina. 

Cliniada versicolor FlANT, 1998; Argentina. 

Sisyra panama PARFIN et CJURNEY, 1956; Panama. 

Sisyra trilohata Flint 1966; Israel. 


Rapiiidioptera 
Family Raphidiidae 

Ay^uUa (Ay,idla) modesta CarpENTER, 1936; USA, Utah; now A^uUa (Glavia) 
modesta modesta CARPENTER. 

Agidla (Agulla) neglecta CARPENTER, 1936; USA, California; jr. syn. o\' Agulla 
(Agidla) bractea CARPENTER. 

Rapliidia minuta BANKS, 1903; USA, Arizona; now in Alena (Aztecorapliidia). 
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ANTLION ASSHMBLAGES (NEUROPTERA: 
MYRMEEEONTIDAE) OF TWO ARID HABITATS IN TUNISIA 


R. Gustkn 

Hessisches Landesmuseum Darmstadt, Zo()lof>isclie Ahteilun^^ 

Friedensplatz l, 64283 Darmstadt, Germany 
E-mail: guesten @ /ilmd.de 

The anllion faiina was invcstigalcd by black-lighting in late spring and late siimmer al two siles 
in Southern 'l unisia, representing pre-Saharan acaeia savanna and dwarfshrub semi-deserl ol lhe 
Sahara, respeetively. The speeies composilions recorded dilTered very markedly belween sites 
and seasons, wilh few species cncountcred in bolh habitats or in bolh collccting periods. Di- 
versity was dislinctly lowcr al Ihc semi-desert site, where only 21 species, bul a high niiinbcr 
of individuals, wcre caiight, with a slrong dominancc ofonc species cach in the two seasons. 
At the acaeia savanna localion, 26 species wcre found, a few of which may, howcvcr, bc asso- 
ciated wilh adjoining biolopcs ofoasis vegetation, ravines and hilisidc grassland. The species 
asscmblagc ol the savanna is comparcd to a previous, similarly rich samplc froin the samc re- 
gion. Some taxononiic and faunistic remarks are given regarding the species collcctcd. 

Kcy words: Myrmcleontidae, North Africa, habitat prcfcrcnccs, phcnology, systemalies 


INTRODUCTION 

Knowledge of the North African antlion faima is stili very incomplete, com- 
pared to other regions of the Palaearctic eremial. Eor the Middie East and Arabia, 
HOLZnL (1972, 1981, 1982, 1983, 1988) has provided thoroiigh revisions of the 
family Myrmeleontidae. Krivokiiatsky 1990, 1992, 1994, 1996, also KrI- 
VOKIIATSKY & Zakharenko 1994) has extensively investigated the myrme- 
leontid faiina of Central Asian deserts, and those of Mongolia are well known 
throiigh the works of HOLZRL (1970(7, h) and KRIVOKIIATSKY et al. (1996). When 
attempting to identify North African myrmeleontids, thongh, we as yet stili depend 
on the insiifficient and highly scattered information from niimeroiis works by 
Navas (1921^7,/;, 1928, 1930, 1931, 1933, 1934, 1936 and manyothers). The spe¬ 
cies hitherto reported from North Africa have recently been catalogiied (ASPCXT 
& HOLZEL 1996, ASPCiCK et al. 2001). 

Whilc research on Eluropean Myrmeleontidae now comprises several works 
on reproductive biology {e.^. Yasseri 1994, Yasseri & Parzefall 1996, YaS- 
SERI et al. 1998), adiilt and larval feeding {e.g. Stelzl & Grpp 1990, LackinCiER 
1973) and habitat choice {e.^. vStitpan 1971, Yasseri et al. 1997), work on 
Palaearctic eremial antlions has hitherto been virtually exclusively taxononiic. In¬ 
formation on ecology and phcnology is present within the collection data in taxo- 
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nomic and faunistic publications but these have mostly not been analysed. KrivO- 
KHATSKY et al. (1996) give an overview of habitat preferences for Mongolian 
Myrmeleontidae, and Krivokhatsky (1998) summarizes data on seasonality at 
the generic level for the Palearctic. The study of collection data is impeded by the 
fact that most material (with the exception of much of that dealt with by the latter 
aiithor) was usually not collected by the specialists themselves. 

During two recent visits to Southern Tunisia, I was able to collect numerous 
Myrmeleontidae, mainly by light-trapping. The two sites investigated during these 
trips represent distinctly different habitats within the Maghrebinian arid zone, 
namely reinnants of acacia savanna on one hand and an ecotone of dwarf shrub 
semi-desert and erg (sandy desert) on the other. The excursions took place in Au- 
gust/September 1998 and in May/June 1999, so that information on the seasonal 
occurrence of species could be obtained. Coincidentally, the only comparatively 
large sample of antlions hitherto collected in Northern Africa originates from the 
immediate vicinity of the savanna site newly investigated. This material, procured 
by C. Dumont in 1927, thus enables an interesting comparison with the recent 
sample, especially as information on the month of collecting accompanies the 
speci mens. 

The material gathered also gives new insights on numerous taxonomic ques- 
tions regarding the Myrmeleontidae of Noith Africa. However, a full revision that 
can assign valid names to all species reported here will depend on the reinvestiga- 
tion of all historic material, particularly all extant NavAs types. 


MATERIAL AND METHODS 


Localities 

Coliectiiig look place al iwo sites, both declared Tunisian nalional parks. Bou Hedma National 
Park (about 34‘"29’N 9°39'E, currently 116 kin-) is the oldest prolected area exisling in Tunisia, a for- 
esl reserve since 1936, incorporating the only considerable reinnant of acacia savanna stili extant in 
the coiintry (Fig. 1). Elsewhere, acacia {Acacia raddiana (Savi) Brenan) had been removed Virtu¬ 
al ly complctely by the end of the 19lh century, and nalural vegetation coinmunities have undergone 
further heavy degradation, mainly by grazing. With an annual precipitation of about 250 mm, Bou 
Hedma is situated near the dry limit for thegrowth of acacia trees. Since about 1985, Bou Hedma Na¬ 
lional Park has focused on the establishmenl of semi-wild stocks of bovid species {e.g. Addax 
nasoinaculatus (DE Blainville, 1816) and Oryx dammah (Cretzschmar, 1827)) and of oslrich 
{Struthio camelus LiNNAEUS, 1758), all native to this part of North Africa but extinct there since the 
19th century. Besides savanna plain with acacia trees, the Bou Hedpia mounlain chain adjoining to 
the north, with peaks up to about 800 m elevation is also incorporated in the park (Figs 1, 3). 

Along the norlhern border of the Grand Erg Oriental in Southern Tunisia, about 50 km south of 
the oasis of Douz, a section which is not subject to any specific landuse has been recenlly set aside as 
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the Jbil National Park (around 33°N 9°E; a more commonly encountered Iranscriplion is “Djebil”). It 
incorporates the northern rim of the Sahara sandy desert (erg) as well as adjoining semi-desert of 
chamaephytes and perenniai grasses (Fig. 4). Here, annual precipitation is distinctiy below 1(K) mm 
which is often given as the defming border ofthe Sahara. The national park is projected to eventually 
cover about 15()() km*, but details on its precise extension are not currently available from Tunisian 
authorities. 




Figs 1-5. 1 = Acacia savanna at Bou Hedma National Park with the Bou Hedma range in the back- 
ground. 2 = Oasis vegetation adjoining a brook (nearly dry in summer) at the foot ofthe Bou Hedma 
mountains. 3 = Open stand of Juniper at about 500 m elevation in the Bou Hedma chain. 4 = Dwarf 
shrub semi-desert with grass tussocks at the border of the Grand Erg Oriental in the Jbil region. 

5 = ^"Palpares'' germaini male at Jbil 
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Black-lighting 

For the collectiori of adult antlions, a light-lrap ofcommonly uscd dcsign was einploycd, con- 
sisting of a metal frame carrying a cylindrical piece oftransparcnt drapery cloth surrounding the light 
sourcc at its center. A mixed light fluorescent lamp with strong UV emission (20 W) was used, ac- 
companied by a pure ultraviolet light (18 W) during the 1999 trip. Usually all Myrmeleontidae set- 
tling on the trap or flying in the vicinity were collected. In a few instances, numbers of very abundant 
species attracted on a particular evening were estimated and not all specimens taken. Wind condi- 
tions permitting, the light-trap was usually operated from around sunset (about 19h20 local time in 
late spring, shortly after 20h00 in late summer) until numbers of antlions newly attracted dropped no- 
ticeably. This happened consistently between 0h30 and lh30, if winds remained low throughout. 

In the acacia savanna and the dwarf shrub semi-desert, 4 stations each were selected to carry 
out black-lighting. No significant differences between thesc were apparent within the very uniform 
habitat at Jbil - this was confirmed by the catch results - even though the maximum distance between 
two of them was about 15 km. Only one of these 4 locations was visited during the second investiga- 
tion pcriod in spring 1999. At Bou Hcdma, in contrast, the 4 stations within a radius of only 2 km rep- 
resented two distinctly different kinds of biotopes. While two stations were in open savanna, the two 
northerly ones were situated at the foot of the mountain range, adjacent to two clumps of oasis vegeta- 
tion. These were supported by a watercourse descending from the mountains to the savanna plain 
(Fig. 2) and by an artificial catchment from a source on the lower slopes, respectively. 

In Table 1, the successful trapping days (defined as producing at least 10 specimens) are listed 
with some temperature data. The climate was generally slightly cooler in May/June than in Au- 
gust/September, except for one day (02.06.) at the semi-desert site. Early September 1998 at Bou 
Hedma was characterized by exceptionally high humidity. In complement to the samples from late 
spring and late summer, other workers have procured some specimens, using the same kind of light 
trap in autumn 1999 both at Bou Hedma (05-07.10.) and at Jbil (11-15.10.), and at hand-held 
oil-lamps in early spring 2001 at Jbil (03.04.). 


Table 1. Dates of light-trapping in Tunisia with indication of temperature ranges for the day and 

during black-lighting sessions 


sites 

1998 trap¬ 

20h00 (top) 

daily max. 

1999 trap¬ 

19h30 (top) 

daily max. 


ping dates 

and IhOO 

(top) and 

ping dates 

and IhOO 

(top) and 



(bottom) 

min. (bot¬ 


(bottom) 

min. (bot¬ 



temp. 

tom) temp. 


temp. 

tom) temp. 

Bou Hedma 

21-24.08. 

29-31°C 

40-42°C 

25-26.05. 

21-24°C 

39°C 

(savanna 

stations) 


22-2TC 

20-22°C 


18-20°C 

17-18°C 

Jbil 

26-27.08. 

31-38°C 

45^9”C 

30.05.-02.06. 

31-38°C 

42-44°C 

(semi-desert 

/erg) 

31.08.-02.09. 

24-31°C 

19-2rC 


25-31°C 

19-23°C 

Bou Hedma 

04-06.09. 

34°C 

39^0"C 

06.06. 

29°C 

40"C 

(oasis sta¬ 
tions) 


27-29°C 

24°C 


24°C 

2rc 
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Other coUectin^ mcthods 

Anllions wcrc also occasionally foiinci during thc clay, Hying activcly, or whcn bcaling vegcla- 
lion. Thcsc, howcvcr amountcd lo Icss than 4% oflhc spccimcns from Bou 1 Icdma, whilc at Jbil only 
I individual was thus dctcctcd. Numcrous larvae ol' pit-building species wcrc collcctcd at Bou 
I ledma and some later raised. Thcsc are not includcd in thc numerie totals given in thc rcsults scction. 
d'hc quest for non-pit-building larvae unfortunatcly proved largcly futile at thc investigated localitics. 

His tori e samples 

In thc late 192()s, C. DUMONT collcctcd a varicty of inscets in south-central Tunisia, among 
thcsc a large number of Myrmclcontidac. The lattcr wcrc treated mainly by Navas (1930), with ad- 
ditions and repetitions in Navas (1931, 1933, 1934, 1936). As Navas’ concepts regarding species 
dclimitation and denomination are very insulTicicnt, it has been ncccssary to reinvestigate Dumont’s 
matcrial, preserved chiclly at thc Muscum National d’Histoirc Naturcllc, Paris (MNIIN), in order to 
gain a data sct suitablc for comparison to thc present samplc from Bou Hedma. At MNHN, a total of 
458 spccimcns of Myrmclcontidac labclcd “Maknassy 1927” wcrc investigated, with additional indi- 
cation of thc month of coliccting (bctwccn May and August) for 446 of them. The town of Maknassy 
is situated north of thc Bou I ledma range, a dircet distancc of less than 15 km from Bou Hedma NP. 
Some further spccimcns bclonging to this series have been scen in thc Naturhistorisches Muscum 
Bascl (NHMB) and further ones may bc present in other muscums. There are, in MNHN, additional 
Myrmclcontidac collcctcd by Dumont labclcd “Maknassy 1929” (Junc to November, 105 spcci¬ 
mcns) and “Bou 1 ledma 1929” (May and Junc, 43 spccimcns). Only a fcw spccimcns oflhc laller .se¬ 
ries have been publishcd by NavAs (1931, 1933, 1934). Thcsc samples are not evaluated specifically 
in thc prc.scnt paper though some rcfcrcncc is made in thc following as concerns species of interest 
not prc.scnt among thc “Maknassy 1927” series. 


RHSULTS 


The coliccting yielded a total of 42 species from the two investigated areas as 
listed below. The piiipose of this contribution is not predominantly in the field of 
taxonomy, thus I relegate systeinatic and faunistic notes regarding the taxa con- 
cerned to an appendix to this paper. 


'^Palpares' (ini^nsius McLaCHLAN, 1898 
''Palp(ires'\i*cnn(iini Navas, 1921 
Fadrina sp. 

Centroclisis piinctulata NavAs, 1912 
Ccntroclisis cervina (GER.STAECKER, 1863) 
l*lumocUsis lorif^icollis (RAMBIIR, 1842) 
Mynnccaelurus cW lachhmi NavAs, 1912 
Mynnccaeliinis medius NavAs, 1913 
Nohoveiis lepidus (KluG, 1834) 

Nohoveus pulpalis ( KlapAlek, 1914) 


Nophis teillardi NavAs, 1912 
Lopdzus arabicus I lOLZEL, 1972 
Ma racati da lin ea N A V A S, 1913 
Gepus invisus NAVAs, 1912 
Gepus tersus NavAs, 1919 
Salter liber NavAs, 1912 
Cueta lineosa (Rambur, 1842) 
Cueta pallens (KLUG, 1834) 

Cueta sp. 3 

Myrmeleon hyalinus OLI VIER, 1811 
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Mynneleon fasciatus (Navas, 1912) 
Myrmeleon pseudofasciatus HOLZEL, 1981 
Macronenmrus elegantulus McLacHLAN, 1898 
Mesoneinunis harterti Navas, 1920 
Geyria lepidida (Navas, 1912) 

Geyria saharica ESBEN-Petersen, 1920 
Neiiroleon tenellus {KLVG, 1834) 

Neuroleon leptaleus 1912) 

Neiiroleon dumontinus (Navas, 1930) 
Neuroleon sp. 3 

Neiiroleon numidus Navas, 1928 


Quinenuirus c\\ cinereus KiMMINS, 1943 
Distoleon sp. 1 

Distoleon cf. annulatus (Klug, 1834) 
Delfimeus scriptus Navas, 1912 
Creoleon cf. arenosus NAVAS, 1934 
Creoleon alternus Navas, 1933 
Creoleon sp. 3 
Creoleon sp. 4 
Creoleon sp. 5 

Pseiidoformicaleo gracilis (Klug, 1834) 
Ganguilus pallescens NavaS, 1912 


At Bou Hedma, 26 of these species were collected represented by 222 speci- 
mens. Of'these, 57 are from May/June, 154 from AugustASeptember and 1 1 from 
October. The numbers for Jbil were 505 specimens of 21 species. However, two of 
these, Maracanda lineata (in May/June) and Geyria lepidiila (in August/Septein- 
ber) were so abundant that not ali specimens attracted to the light source were 
taken. G. lepidiila was in fact the most numerous insect in one of the collecting 
nights (26.08.98) with up to about 250 present at the light trap. The estimated total 
for Jbil, considering specimens actually attracted, was thus about 450 Myrmeleon- 
tidae for May/June and over 700 for August/September; 23 each were collected in 
April and October. 

Markedly different species arrays could be demonstrated at the two arid sites. 
Only 5 species were found at both (marked with X in Fig. 6), 3 of which were com- 
mon to abundant at Jbil while represented by single or very few specimens in the 
Bou Hedma material. Neuroleon dumontinus (1 specimen at Bou Hedma) may 
have to be added to this group as it is possibly identical to Neuroleon sp. 3 from Jbil 
(see appendix). Gepiis invisus was encountered more commonly at Bou Hedma 
than at Jbil, while Distoleon cf. annulatus is the only species almost equally repre¬ 
sented at both localities. It is, however, seasonally peculiar, as it was virtually re- 
stricted to the October material. This very small but remarkably distincti ve sample 
added 1 species to the Bou Hedma and 3 to the Jbil list, these latter representing 
over half of the individuals caught in October. The single but numerous species 
flying at Jbil in April, Lopezus arabicus, is also restricted to that time of the year. 

A conspicLious segregation is also obvious between the two main collecting 
seasons, noticeable at both localities (Fig. 6). Only 6 species at Bou Hedma, and 3 
at Jbil, were found both in late spring and late summer, most of which showed a 
ciear preference for one of those periods. 

The lower number of species and higher number of individuals at Jbil, mainly 
attributable to the above-mentioned very high numbers of two of the species, also 
account for a marked difference in dominance patterns between the two locations. 
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Bou Hedma (savanna) 


Jbil (semi-desert) 


"Palpares” angustus • 
Fadrina sp. 

Centroclisis punctulata kmmm 


Myrmecaelums cf. lachlani 


Nohoveus lepidus 


Gepus invisus 


Soltcr liber 


Cueta lineosa 


Cueta pallens *—■ 
Cueta sp. 3 B 
Myrmeleon hyalinus S 
Myrmelcon fasciatus i 
Myrmeleon pseudofasciatus 
Macronemurus elegantulus ' - - 


Neuroleon tenellus 
Neuroleon dumontinus 


Distoleon sp. 1 

Deifimeus scriptus 
Creoleon cf arenosus 

Creoleon altemus 
Creoleon sp. 3 

ApriI 

May/June 

August/Sept Pseudoformicaleo gracilis 
October 

X 



I "Palpares” germaini 


Centroclisis cervina 


MMBflMMBBMtttHmfla PhanocHsis longicollis 
Myrmecaelums medius 


Nohoveus palpalis 


Nophis teillardi 

■ Maracanda lineata 


Gepus tersus 


^ Mesonemums harterti 

Neuroleon leptaleus 
Neuroleon sp. 3 
Quinemums cf. cinereus 
Distoleon cf annulatus 


Geyria lepidula 


Geyria saharica 


Neuroleon numidus 


i Creoleon sp. 4 
Creoleon sp. 5 


Ganguilus pallescens 


rij*. 6. Species and numbers of individuals of Myrmcleoiilidae caught al Bou Hedma and Jbil in 
1998, 1999 and 2001, subdivided by season. X: species rccorded at bolh siles 
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the acacia savanna showing a higher diversity. In May/June, Maracanda lineata 
accoLinted for over 3/4 of the catch at the semi-deseit, and Geyria lepidula for over 
60% in Aiigust/September. Just 2 species in late spring (5 in late summer) contrib- 
Lited well over 90% of specimens. In contrast, the single most numerous species at 
Boli Hedma were represented with only 1/3 and 1/5 of individuals in May/June and 
Augiist/September, respectively. The three most common species contributed only 
just over 60% in the earlier and 50% in the later period, in which these 3 were 
caught in almost equal numbers. 

The higher diversity of antlions at Bou Hedma in comparison to the semi- 
deseit/erg ecotone at Jbil is certainly in part a reflection of the ecological circum- 
stances. However, it needs to be noted that the effect is enhanced by the chosen 
black-lighting locations at Bou Hedma representing two distinet kinds of habitat. 
This can be demonstrated by comparing results from the 2 acacia savanna loca- 


35 Bou Hedma: acacia savanna Bou Hedma: oases 



Fij». 7. Spccics and numbers of individuals of Myrmclcontidac caught at acacia savanna and oases 
light-trapping stations at Bou Hedma, subdivided by season 
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tions with ihose fVom the 2 locations at the moiinlain-base oases (Fig. 7). While 
Ihose species represented by at least 5 specimeiis at the acacia savanna also oc- 
ciirreci at the oasis sites, 5 species were foiincl only at the latter, 3 of which consti- 
tiited the most niimeroiis ones there. 
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Bou Hedma 1998/99 


Maknassy 1927 


100 


"Palpares" angustus | [ 


Fadrina sp 

Centroctisis punctulata 

Phanoclisis longicollis I 
Mynriecaelunis cf. lachlani 

Nohoveus lepidus I 


Gepus invisus 


3 Acanthaclisis occitanica 


- May/June. 59 


July. 118 


(Maknassy 1929) 

S Nophis teillardi 
Maracanda lineata (Bou Hedma i929) 


Gepus tersus 


Solter liber WBaatmiaiBaBB 
Cueta lineosa BaBmateAMS 


Cueta pallens C— 
Cueta sp. 3 I 
Myrrneleon hyalinus WM 
Mynmeleon fasciatus 
Myrrneleon pseudofasciatus 


Macronemurus appendiculatus 


Macronemums elegantulus 


Geyria lepidula 


Geyna saharica 
Neuroleon tenellus 


f"" 'j May/June 
July 

August - Oct. 


Neuroleon dumontinus 
Distoleon sp. 1 
Distoleon cf. annulatus 
Deifimeus schptus 


Neuroleon leptaleus 


3 Creoleon griseus 


Creoleon cf. arenosus tssBT 
Creoleon altemus 
Creoleon sp. 3 
Pseudoformicaleo gracilis 
Ganguilus pallescens 


II 

iis 

i" 

ia 


Creoleon aegyptiacus 


S. Spccics and numbcrs of individuals of Myrmclconlidac caiight at Bou Hedma (present study) 
and at Maknassy (C. DUMONT Icg. 1927), subdividcd by scason. Nohoveus lepidus and Manicando 
lineata added from other samplcs by DUMONT. Column size for Myrmecaeliiriis cf. lachlani on right 

hand side reduced by one half 
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Predictably, C. DUMONT’s large sample of antlions froni the year 1927 froin 
Maknassy shows many similarities in species composition and abundance to the 
present collections from nearby Bou Hedma (Fig. 8). The Mynnecaeliirus species 
is the most niimeroiis in both, though a lot more dominant in the older material 
(neaiiy 50% compared to 16% over all seasons). This is partiy because DUMONT 
collected 60% of the individuals of this species in July, obviously its main period 
of occLirrence, dnring which I have not collected at Bou Hedma. In that month, the 
species accounted for more than 70% of specimens. Macronemimis elegantiilus 
dominates in May/June, holding aboiit 30% in both samples. Several moderately 
numeroLis species are about equally represented, showing the same seasonal pref- 
erences. The absence or near-absence of a few species in Dumont’s material is 
notewoithy. They are, on one hand, those which occiir at Bou Hedma mainly or ex¬ 
clusi vely at the oases trapping locations (e.g. Distoleon sp. 1, Myrmeleon fascia¬ 
tus, M. pseiidofasciatus), on the other hand the two acanthaclisine species Centro- 
clisis punctulata and Faclritia sp. Those species which are present only in the 
Maknassy sample also represent different groups. There are some further species 
which are shown here to be typical for the dwarf shrub semi-desert in addition to 
those also found sparsely in recent Bou Hedma material (e.g. Nopliis teillardi, 
Geyria lepidida, with Maracanda Uncata being added from DUMONT’s small Bou 
Hedma sample). Again, Ihese are represented by very few specimens, with the ex- 
ception of Gcpiis tersus. More intriguing are Acanthaclisis occitanica (ViLLERS, 
1789), Macronemiirus appendiculatus (Latreille, I 807) and Creoleon aegyptia- 
ciis (Rambur, 1842), the latter being the foui1h-most numerous species in the 
Maknassy sample. These species are to be considered associated to Mediterra- 
nean-type habitats and are, in Tunisia, otherwise restricted to the noithern third of 
the coLintry. A fuither species restricted to Dumont’s collection is Creoleon 
(Klug, 1834). 


DISCUSSION 

The total of 42 antlion species found in the two areas explored, is remarkable 
in comparison to only 37 species recorded by ASPOCK etal. (2001) for the whole of 
Tunisia, about 6 of which are to be regarded as Mediterranean faunal elements or- 
dinarily not expected in the savanna and deseit zone in question (but see below). 
However, the species number reported reflects to a large pait the very limited col- 
lecting activities in Tunisia up to now, and also the country’s small size compared 
to its neighbours. In fact, the Myrmeleontidae recorded from Algeria, Tunisia and 
Libya combined amount to 93 species (ASPOCK et aL 2001). This includes numer- 
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Olis names piiblished by Navas many orwhich will prove lo be synonynis as far as 
Ihey stili can be elucidalccl, certainly more than offsetting the number of species 
stili to be discovered. Thus, I reckon that there occur about 80 species of Myr- 
meleontidae in the mentioiied 3 coiintries. Up to 70 of these may pertain to the 
eremial realm, so more than half of this prospected number occur at Bou Hedma 
and Jbil combined. The Maghrebinian fauna is obviously less rich than that of the 
sub-Saharan savanna belt where nearly 80 species were discovered in a restricted 
area of Southern Mali alone (MiCI IRl. 1999) - admittedly more humid than the re- 
gion treated here. To cite another comparison, there are 1 13 species known from 
the Arabian Peninsula (HOLZEl. 1998), but no figures have been published for sin- 
gle localities there. 

Habitat association 

Few previous studies of myrmeleontid faunas in parts of the Palaearctic 
eremial assessed ecological requirements of species. Here, very distinet species 
compositions were discovered at two sites representing almost maximally differ¬ 
ent biotopes within the North African arid zone. The semi-desert/erg ecotone sam- 
pled constitutes one of the climatically and ecologically most extreme habitats 
where myrmeleontids can be expected (although it has not been examined which 
species, if any, might stili be found in vegetationless sandy or stony deseil). In con- 
trast, acacia savanna, in a less arid variant in pristine condition, may have consti- 
tuted a transition to arboreal biotopes. The savannas and steppes found today in the 
Maghreb south of the Atlas mountains exhibit various, usually severe degrees of 
degradation and desertification. Compared to unspoiled habitats, an impoverished 
fauna might be expected with an introgression of species typical for less vegetated 
areas. The presence of a few individuals of several species in the Bou Hedma and 
Maknassy samples, which are common in the dwarf shrub semi-desert (see Figs 6, 
8), may be interpreted in that light. A comparative sampling of degraded steppe 
habitats woiild be of considerable interest. 

Obviously it would be an over-simplification to regard the two locations vis- 
ited as representing extremes in a linear array of habitat types to be found in the 
Maghrebinian savanna and steppe belt. Many older samples from that region ap- 
pear to include representatives from both the Bou Hedma and the Jbil species as- 
semblage, though small sample sizes and uncertainties of the reported identifica- 
tions make interpretation difficult. Biotopes with a mixture of ecological proper- 
ties may well have been involved. On the other hand, different, and in some cases 
rather distant, habitats sampled could have been reported under the same locality, 
as collection data used to be recorded with little precision. Old collection data will 
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thus be hard to evaluate in terms of ecological preferences of species. Many of the 
species recorded here at the erg/semi-desert ecotone have been cited rarely, or 
never before, for the Maghreb. Apparently, few previous excursions have touched 
this kind of habitat. 

The comparison of results from the different light-trap locations at Bou 
Hedma reveal that some species detected are probably not associated with acacia 
savanna, occuring only at the oasis stations. Myrmeleon fasciatus can be connected 
with the presence of many cavelets along ravines at the foot of the mountain range 
where its larvae were found dwelling in considerable numbers. This may be true 
also for Myrmeleon pseudofasciatiis even though the early stages of this species 
are not known. One of 11 specimens of Creoleon cf. arenosus was collected by day 
from grasses on the lower slopes of the mountains, possibly associating the species 
with that kind of habitat. The mountain grassland, typified by dense stands of halfa 
{Stipa tenacissima L.) differs considerably from the savanna plains where another 
esparto (Lygeum spartum Loefl. ex I..) and sagebrush {Artemisia herha-alha 
Asso) are more characteristic. The species Deljimeus scriptus and Distoleon sp. 1 
may well be genuinely associated with oasis vegetation. There are a few records of 
the former from the Maghreb, all from the Southern slope of the Saharian Atlas, 
which appears to be consistent with that presumption. 

The most striking deviation of C. DUMON r’s Maknassy sample from the 
present Bou Hedma material is the presence of some myrmeleontids which are to 
be regarded as Mediterranean rather than eremial faunal elements (see Fig. 8). 
Given the geographic location, this initially seems intriguing. The Southern limit of 
distribution for Meditenanean fauna would ordinarily be expected in the south- 
eastern chain of the Atlas, the foothills of which are situated about 100 km to the 
northwest of Maknassy. Other data available from North Africa corroborate this. 
However, in the higher reaches of the Bou Hedma range, interspersed with halfa 
grasslands, one encounters tracts of very open juniper brush (Fig. 3), with some 
other shrubby vegetation of Mediterranean origin (e.g. Pistacia sp.) at the most 
sheltered spots. Surprisingly, two Mediterranean ascalaphids, Lihelloides ictericus 
(DE CllARPENTIER, 1825) and Deleproctophylla sp. were observed flying here in 
early June. I suggest that DUMONT must have collected Mediterranean Myrme- 
leontidae on trips southward from Maknassy into the Bou Hedma chain. The col- 
lection data along with the high number of specimens indicate that DUMONT has 
been resident at Maknassy during the summer of 1927, making such excursions 
likely. For logistical reasons, I was unable to carry out black-lighting in the Bou 
Hedma mountains, which would be of special interest. The discovery of further 
Mediterranean faunal elements, which must be restricted to very isolated locations 
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that far soiith, would stili add to the already impressive diversity of Neuroptera at 
this protected area. 

Obvioiisly the significance of Boii Hedma National Park is greatest for the 
preservation of species directiy dependent on acacia trees. Both Centroclisis 
punctidata and Fadrina sp. are lacking in Duiviont’s materiai and are, respec- 
tively, rare and absent in all other collections from North Africa, whereas at least 
the former species is common at Bou Hedma (they are not in Dumont’s Bou 
Hedma sample, becaiise he collected there to eaiiy in the year - May and June). 
These two species may hence be the most partiai to true acacia savanna and some 
ecological dependence on the tree itself may be suspected. C. piinctulata also oc- 
ciirs rather commonly in the sub-wSaharan savanna zone where, according to the 
collection data in Prost (1998), it prefers the most arid pait, also with Acacia 
raddiana. The few localities in Israel and the Sinai and Arabian Peninsulas re- 
corded for Fadrina formosa (HOLZEL, 1981), which may be identical to the Tuni- 
sian Fadrina sp. (see appendix), are generally well-watered areas, some protected, 
favoiiring both growth of trees including acacias and their preservation. 
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Seasonality 

A SLimmary of the seasonal appearance of Palaearctic antlions by Krivo- 
KHATSKY (1998) shows adults of a majority of species to be encountered in Au- 
gust. While niimbers of both species and individuals in the present study were 
cleaiiy higher in Aiigust/September than in May/June, the seasonal seggregation 
proved considerable. About half of the species occurring in the early season were 
restricted to it, including the most numerous ones. Krivokhatsky (1998) does 
not consider months beyond August in his summary. In the more temperate, arbo- 
real regions of the Palearctic, records of antlions later than this month are rather 
sparse and viilually confined to September. They are more numerous in the 
eremial and there are indications from the material investigated here that adults of 
some species may be specialized for llying in September and October, possibly 
later. This pertains to Distoleon cf. aimulatiis as well as two species at Jbil proba- 
bly assignable to Qiiinemiiriis (see appendix). Previous records of this genus are in 
line with this presumption (see HOLZEL 1983, KRIVOKHATSKY 1992). As regards 
the mentioned Distoleon sp., it is noteworthy that D. anmilatiis is the only Euro- 
pean antlion recorded as late as October according to ASPOCK et ai (1980). At the 
savanna site, Nohoveiis lepidus may be a late species, being present in Maknassy 
material from 1929, but not 1927 (see Fig. 8). In the earlier year, DUMONT discon- 
tinued collecting probably rather early in August, as concluded from the compara¬ 
ti vely small overall number of specimens from that month. At the beginning of the 
season in the semi-deseit, Lopezus arahicus was present as the only species in 
early April, but no longer found in late May. Previous, relatively numerous records 
of the species (as L fedtschenkoi (McLachlan, 1875)) from the Algerian Sahara 
date from February to May, with a single May citing from Nefta, Tunisia (Navas 
1930). Another species with a remarkable phenology is the ubiquitous pit-builder 
Myrmeleon hyalinus. It is the only antlion species in a small March sample from 
Bou Hedma, and DUMONT encountered one in November. In Arabia and the 
SLib-Saharan steppe belt, adults of this species occur year-round (HOLZEL 1987). 

Light-trap perfonnance 

It is the usual perception that neaiiy all Myrmeleontidae - excepting some di- 
urnal Palparini (e.g. Paniexis spp., Mansell 1992«) - are attracted to light. None- 
theless, as in all studies envolving black-lighting or, in fact, other trapping meth- 
ods, the trap responses cannot be taken as fully reliable representations of actual 
abundance of the species concerned. Light-trap responses of different species of 
Myrmeleontidae may differ for a multitude of reasons, possibly widely, so that 
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even relative catch rates of species in a given locality have to be viewed with care. 
The clearest indication for this is the very different sex ratios recorded for antlion 
species at light-traps in the present (Fig. 9) as well as previous stiidies, althoiigh 
this finding has rarely been stressed. It is deemed highiy uniikely that distinet fe- 
male preponderance of up to 95% represents the true sex ratio present in the popii- 
lation. While there is almost no inforination on life histories for most species, mat- 
ing Systems as described by Yassef^I (1994) and Yasseri and Parzeeale (1996) 
for the Huropean Eiiroleori nostras (CjEOEEROY, 1785) would predict sex ratios 
close to 1:1. However, trap responses are deemed associated with flight activity, as 
individuals are probably not attracted to light while inactive. Highiy female- 
skewed sex ratios at light traps may thus be associated with stationary males at- 
tracting females as is the case in Eiiroleon nostras. Flight activity can also be 
linked to feeding or oviposition, the latter also promoting higher trap yields for fe¬ 
males. Whatever the reason, there is strong indication that trap responses of the 
sexes differ distinctly in some species - so, therefore, may trap responses of differ¬ 
ent species, which is only harder to demonstrate. As there exists presently no alter- 
native trapping method for myrmeleontids which would yield a sufficient catch to 
allow a meaningful comparison with black-lighting, this issue will be difficult to 
elucidate. There is circumstantial evidence that some species may - at least during 
certain periods - not have been attracted to the light source employed here. A sin- 
gle male of Pseudoforniicaleo gracilis was caught out of a nurnber of antlions hov- 
ering around the canopy of an acacia, possibly in mating activities. It appeared that 
they were all this species. Cleaiiy they were not attracted to the light-trap in opera- 
tion about 30 m distant. The singie male of Neuroleon dumontinus was netted hov- 
ering around low bushes close to the light source, without showing orientation to- 
wards it. 

Another issue touching the representation of population densities in the catch 
is the interpretation of the very high nurnber of individuals encountered at the trap 
at Jbil, pailiculaiiy of the dominant species Maracanda lineata early in the season 
and Geyria lepidula later. This may be caused either by a much greater radius of in- 
lluence for the trap compared to the situation at Bou Hedma, by exceptionally high 
trap response of the species concerned under the given circumstances, or by genu- 
inely high population densities. While the open landscape of the semi-deseit in fact 
allowed the lluorescent lamps at Jbil to be seen from over 10 km distance by the 
human eye, it appears uniikely that the radius of influence was nearly that large, 
nor a lot larger than in the acacia savanna. For example, a 125 W mercury vapour 
bulb was calculated to show an effective radius - defined as the area in which the 
light-trap surpassed background light intensity - of just over 500 m maximally {i.e. 
under new moon conditions) in light-trapping campaigns in tropical Africa (BOWDEN 
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& Morris 1975). Hence, while the more structured vegetation at Bou Hedma may 
have accounted for a somewhat lower effective radius than at Jbil, ali other factors 
deemed equal, it is unlikely that this has effected the trap performance severely. 
There is, fuither, no indication that the cliinatic and moon cycle conditions woiild 
have favored large turnouts paiticularly during the trapping days at Jbil. Successful 
trapping nights were characterized throughout by low winds and usually little 
moonlight. In fact, trapping at Jbil rather than at Bou Hedma was impared by an al- 
most constant slight breeze. I can see no reason why Maracanda lineata and Gey- 
ria lepidula shouid show much higher trap responses than the other antlion species 
encountered. Both are very small species, so neither large areas of activity, nor 
above-average flight peifonnance under somewhat unfavourable wind conditions 
woLild be expected (the latter may be true for the large Centroclisis cervina, also 
very numerous at Jbil). Possibly, species with more even sex ratios at light-traps - 
probably with mating systems not characterized by female attraction - may have 
higher trap responses overall if both sexes instead of only females show high flight 
activity. However, Geyria lepidula and Maracanda lineata showed strongly fe- 
male-skewed sex ratios at the trap (see Fig. 9). It has thus to be concluded that the 
large numbers caught of these, and to a lesser extent some other species at Jbil, in- 
deed represent, to a significant pait at least, high population densities. 

Larval niches 

It is hard to reconcile the failure to discem larvae at the semi-desei1/desert 
biotope with the postulated abundance of several species. The methods to detect 
non-pit-building antlion larvae employed at Jbil, ali fruitless, were sieving sand 
from the bases of chamaephytes and grass tussocks as well as looking for tracks in 
the sand at night, and digging out clumps of vegetation during the day. It must be 
emphasized that the climate extremeties prevalent during the investigation period 
may have been paiticularly unfavorable for the detection of antlion larvae. Daily 
sand surface temperature approached 70°C both in early June and late August, so 
that aithropods needed to be hidden several decimeters deep. Even nocturnal activ¬ 
ity periods may have been shortened and the possibility that some antlion larvae 
undergo a summer diapause under this climatic regime cannot be ruled out, even if 
such a case has yet to be demonstrated. Other workers at Jbil, though not specifi- 
cally in search of antlions, have procured 3 larvae by digging out grass tussocks 
and a further one from its track at the sand surface in March and October. The diffi- 
culties of detecting non-pit-builders at Bou Hedma were less unexpected because 
of the hard soil surface of most tracts of open ground, even though it had been 
hoped that sifting litter under acacias would produce some results. Season may 
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again have been a factor. In a prcvioiis sliidy of ground-dwelling arthropods at Boii 
Hcdnia, some myrmeleontid larvae were encountered in soil traps (MOLDRZYK 
pers. comm.). 

It was quite obvioiis in the field that surface structure at Jbil does not support 
the construction of pitfali traps by antlions due to extremely fine-grained, movable 
dune sand. The sand-free tracts are characterized by an exceedingly solidified and 
stony surface. Ciieta tineosa does occur in similar soil, e.g. around Cairo, but no 
pits were found at Jbil. The array of species collected at light seems to confirm the 
absence of pit-builders. Larvae of only two of the species have been described - 
Phanoclisis longicollis (wStange & MiLLER 1985) and Nophis teillardi (SiMON 
1986) but the two genera of the region in which all species construet pits as far as 
known, Mynneleon and Cueta, are conspicuously absent at Jbil. The tribe Myrme- 
caelurini, some species of which are known as facultative pit-builders, is repre- 
sented by Nophis teillardi, which does not construet pits (SiMON 1986), by the vir- 
tually Linknown Myrmecaeluriis medius and by Nolioveus palpatis. Two larvae 
from Egypt from which N. palpatis could be reared were described by the collector 
as having been extracted from round shallow depressions reminiscent of, but not 
quite conforming to, typical antlion pits. The absence of pit-builders will probably 
be found a local phenomenon, not extending to every biotope intluenced by dune 
sand. At the oasis of Douz, 50 km north of Jbil, adults of Myrmecaeluriis cf. 
tachtani and Mynneleon hyalinus were collected. In a semi-deseit habitat nearby, 
similar to Jbil but deviating somewhat in surface structure and vegetation compo- 
sition, pits of Myrmecaeluriis sp. were detected in very sheltered spots under 
dense, low shrubs. At the acacia savanna at Bou Hedma, species of Mynneleon, 
Ciieta and Myrmecaeluriis featured prominently in the adult trap yields (42% of 
specimens, see Fig. 6), and pits of all three genera were encountered. 

Obviously, detecting larvae and describing feeding habits, connection to spe- 
cific substrates and other ecological requirements will be paramount to understand 
the syntopic occurrence of so many species of Myrmeleontidae as demonstrated 
here as well as in other studies. While the adults of antlions may well show specific 
demands on the habitat {e.g. Y ASSERI 1994), the main differences between ecolog¬ 
ical niches will concern the life histories of larvae. MansELL (1996) has reviewed 
the different habitats used by myrmeleontid larvae, but there is little information 
how non-pit-building psammophilous species, which is by far the largest group, 
differ in their specific niches. Steeean (1971) has demonstrated such differences 
for several species at the French Mediterranean coast. As regards the species 
treated here, there are a few laboratory observations on larvae of Centroclisis 
piinctiilata and Phanoclisis longicollis along with other Acanthaclisini by wStange 
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and Miller (1985) that revealed differences of feeding behaviour, though very 
few individuals were involved. 

It will be a time-consuming task to describe niche seggregation of the numer- 
OLis syntopic species through the habitat use of larvae, given the difficulties of 
studying them. Meanwhile, sampling of more localities for adults could shed some 
light on associations of species with certain ecological features of habitats and cer- 
tain seasons. A revision of the Noith African Myrmeleontidae is desirable so as to 
be able to assign valid names to the investigated species. 
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APPENDIX 


In ihc following, somc taxonomic notes arc givcn rcgarding Ihosc species which have nol ycl 
bcen idcnlincd with ccrtainly and thus were assigned provisional names in the present paper. Also, 
comments arc added for somc species Neitroleon and Crcoleon which could bc idcntificd lo spe¬ 
cies dcscribcd by Navas (1928, 1930, 1933, 1934) froni the vicinity, but for which probably older 
synonyms will surfacc upon revision. Gcncrally, names could not bc assigned to the majority of 
Neuroleon, Distoleori and Crcoleon species duc to the deficient state of knowlcdgc of the systematies 
of Ihcse nemolcontinc genera. I also mention ncw rccords for Tunisia. Note that somc of the 42 spe¬ 
cies rccordcd here arc not new for the country even though uncited by AspOck et al. (2001); records 
have bcen detcctcd and verified l’or these {Pluinoclisis longicollis, Nohoveiis lepidus, Lopeziis 
arahicus, Ceyrici Icpidiila) in Navas (1921/?, 1930). 

''Pedpores" gernuiini Navas, 1921 (Fig. 5) - The Palparini species found at the semi-desert 
locality could be sccurely idcntificd as Palpares germaini Navas, 1921, dcscribcd from Bcchar at 
the border of the Grand F^rg Occidental in Western Algeria. Navas’ dcscription, for once extensive, 
matehes to the dctail, and M. W. Mansell (Pretoria) kindly compared spccimcns from Tunisia with 
the holotype and previously singlc known specimen. Both this species and "'Palpares'' angustus arc 
not longcr regarded as bclonging to Palpares Rambur, 1842 - their gcncric placcmcnt will bc deter- 
mined in the ongoing revision of the Palparini by M. W. Mansell (scc Mansell 1992/?). 

Fadrina sp. - Antlions of this genus have not hitherto bcen reported from Northern Africa. 
The present specimens arc not referablc to F. rufa Navas, 1912 which is rather common in the 
sub-Saharan savanna bclt (Prost 1998), though apparently inhabiling rather southcrly, more humid 
parts. I lowcvcr, it is very similar, possibly idcntical, to Fadrina formosa (1 lOLZEL, 1981) from Israel, 
wSinai, the Arabian Peninsula and Sudan. The rclation to F. nigra Navas, 1912 from Yemen and Fast 
Africa also nccds reinvestigation. 

Centroclisis cervina (Gerstaecker, 1863) - Ncw for Tunisia. 

Mynnecaeluriis cf. lachlani Navas, 1912 - All spccimcns oi' Myrmecaelurus s. str. are here 
subsumcd under onc species, in the abscncc of compclling cvidcncc to the contrary. A fcw fcmalcs 
from Boli llcdma appear distinctly aberrant, more matcrial will have to bc studicd to dctcrminc if 
they may represent other species. The many spccimcns collcctcd by Dumont have bcen attributcd to 
no Icss than 5 species by Navas (1930): M. lachlani (prcdominantly), M. trigrammus Pallas, 1771, 
M. laetus (Klug, 1834), M. taharinus Navas, 1913 and M. c/ucdenfeldti (KOLBE, 1884), the lattcr in 
fact bclonging to Macronemurus. Vicwing the matcrial, there arc nocriteriadisccrniblc on which this 
distinction may have been based. Rcccntly, a specimen o\' Mynnecaelurus s. str. from the Moroccan 
desert has bcen attributcd to M. lachlani (MONSERRAT et al. 1990), though there scems to bc doubt as 
the type was collcctcd in the Moroccan Atlas mountains. 

Mynnecaelurus medius Navas, 1913 - The only specimen hitherto reported has bcen the fc- 
malc holotype from cast of Ghardaia, Algeria, which is clcaiiy conspccific with onc male from Jbil. 
Male genitalic features place the species in the genus Nohoveiis as prcscntly conccived. 

Nohoveus pulpalis (Klapalek, 1914) - Ncw for Tunisia. 

Ciieta sp. 3 - A fcw spccimcns from Bou 1 Icdma differ clearly from the other two Cueta spe¬ 
cies rccordcd, showing the following combination of characters: wings narrow and unmarkcd as in C. 
pallens with pale unmarkcd venation, much smallcr than that species (si/c as in small C. lineosa), 
male ectoprocts intermediate in Icngth. It remains to bc studicd whether Navas has hit this species 
among the wcalth of ncw names hc has supplicd for North African Cueta. Most of these will probably 
prove to be synonyms of C. lineosa even though 1 suspeet that the North African matcrial assigned lo 
the lattcr may contain a sccond, very similar species. 
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Myrmeleon pseiidofasciatus HOLZEL, 1981 - New for Tunisia and North Africa, hitherto 
known only from the Middle East. 

Neiiroleon dumontinus (NaVAS, 1930) - One male from Bou Hcdma can be uncquivocally as- 
sociated with a fernalc in Dumont’s Maknassy material, the holotype Afroclimaciiis dumontinus 
Navas, 1930. The species rccalls Noaleon limhatellus (Navas, 1913) dcscribcd from Algcria, espe- 
cially as regards the very slender elongated legs, but wing structure and pattern differ. 

Neiiroleon sp. 3 - Differs from N. dumontinus very littlc, mainly in more hcavily marked 
wings. The Bou Hedma and Jbil populations are being provisionally kcpt separate here. 

Neiiroleon numidus Navas, 1928 - The species, common at Jbil, has bcen known before from 
the Ione holotype from EI Kantara in the Aures range in eastcrn Algcria. That locality may bc iinprc- 
ciscly reported: arcas of sandy desert rather occur farther south near Biskra. The swelling of the male 
abdominal segments 111 and IV strongly suggests that the species bc placed in the genus Quinemurus 
(compare figure in Krivokhatsky 1992) though ectoproct and leg structure would appear not to be 
in accordance. 

Quinemurus cf. cinereus KiMMiNS, 1943 - Based on the structure of the cubital ficld in the 
hindwing this species scems also to bclong to Quinemurus, and the similarity to Q. cinereus from 
Arabia is great. Howcvcr, malcs have unfortunatcly not bcen found yet at Jbil. 

Distoleon sp. 1 - It appears that this species is not identical with any described Distoleon. It is 
smaller than any other Palcarctic species currcntly assigned to the genus with the exception of D. 
gafsanus (Navas, 1921). The lattcr originales from the Tunisia steppe zone and is apparcntly again 
smaller, but only parts of the body without wings remain of the type. A character which should makc 
D. sp. 1 casily recognizable are numerous strongly elongated sctac on the male hind tibiae (some 
more than half the length of the tibia itself). 

Distoleon cf. annulatus (Klug, 1834) - Both the Jbil and the Bou Hedma spccimens are a lot 
paler and less extensively marked than any D. annulatus spccimens 1 have seen, but there is no obvi- 
oiis structLiral difference. 

Delfimeus scriptus Navas, 1912 - New for Tunisia. 

Creoleon cf. arenosus Navas, 1934 - Being the only Creoleon represented here by more than 
onc specimen, its similarity is greatest to C. arenosus dcscribcd from Maknassy, but the idcntifica- 
tion is not certain as the lattcr is only known from a single discoulorcd type. In any case, it scems pos- 
siblc that a revision will turn up an older synonym. 

Creoleon alternus Navas, 1933 - There is one specimen cach of C. alternus in Dumont’s ma- 
tcrial from Bou Hedma (type) and Maknassy , along with a further onc in the rccent samplc. The spe¬ 
cies appears identical to onc from the Middle East, Arabia and East Africa referred to as C. irroratus 
(Klug, 1834) and C. parallelus (Klapalek, 1911) in recent publications (HOLZEL 1972, 1983). 
Thesc names are preoccupicd and the valid name of this species will have to bc determined. Numer¬ 
ous other described species are suspcctcd to be the same. 

Creoleon sp. 3 - A few spccimens present among Dumont’s Myrmclcontidae and identical 
with onc from Bou Hedma wcre determined by Navas as C. surcoufi (Navas, 1912) known from Al- 
geria. 1 have not seen the type, but it is considercd by HOLZEL (1983) to be synonymous with C. 
parallelus. This suggests that it may bc the same species as the previous one, and Arabian cxamplcs 
indeed show transitions. The obvious differentiai characters are size and falcation of wings which are 
of littlc taxonomic valuc. The fact that the (admittcdly few) spccimens from North Africa discrctcly 
form two groups suggests that they should bc kcpt separate for the time being. 

Creoleon sp. 4 - A single specimen from Jbil, August 1998, not assignable to species. 

Creoleon sp. 5 - A single specimen from Jbil, October 1999, not assignable to species. 

Ganguilus pallescens Navas, 1912 - New for Tunisia. 
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PATTERNS IN THE DISTRIBUTION OE AEROTROPICAL 
CHRYSOPIDAE 

HOLZEL, H.* and P. OHMt 

*Hppersd()rf I, A-9371 Briicki Austria: E-nuiil: lierheri.hoelzeI@aon.al 
Westring 337, I)-24118 Kiei Germany 

Africa soulh ofthc Sahara has a comparat i vcly rich faiina of Chrysopidac. Approximatcly 1SO 
species in 26 genera have so far been recorded from the Afrolropical Region. The distribulion 
of animals and planis on the continent is defined by the extensive area of lowland rainforest 
Ihal covers West and Central Africa along the equator. This practically forms a barrier ihal di¬ 
vides the continent inio iwo different savannah areas. Other important biomes are the isolaled 
montane foresls of F:ast and Soiilheasl Africa and three large arid areas: The vSudanese, the So- 
mali and the Southwest arid zones include several important centres for insect distribulion. 
Aboul 100 species of the family occur in Soulh and Easl Africa of which more than 40 have 
only been found in South Africa; 37 species and subspecies are probably endemic to the Mada- 
gascan subregion. 'Fhe chrysopid fauna of the arid and semiarid parts of West Africa is ralher 
poor, while the probably rich fauna ofthc West African rainforest and the West African savan- 
nahs is scarccly known. 

Kcy words: Chrysopidac, Afrolropical Region, distribulion, biogeography 


INTRODUCTION 

The AfVotropical region ( sub-Saharan Africa, southwestern Arabia, Mada- 
gascar, Comoro, Mascarene Islands and vSeychelles) has a comparatively rich 
fauna of Chrysopidac. Approximatcly 180 species in 26 genera have been recorded 
from the region. This niimber includes some synonyms but present research indi- 
cates that they will be offset by discovery of new species. The actual figure is prob¬ 
ably aboLit 250 species in 30 genera. This compares very well wilh the faunas of 
other regions, e.g. the Australian Region with 60 recorded species in 16 genera 
(New 1996), America North of Mexico with 80 species in 15 genera (Penny et al. 
1997) or the West Palaearctic fauna where recent research enumerated 140 species 
and subspecies in 16 genera (ASPOCK et al. 2001). 

The distribution of animals and plants on the African continent is innuenced 
by the extensive area of lowland rainforest that covers West and Central Africa 
along the equator. This is essentially a barrier that divides the continent into two 
different savannah areas (ILLIES 1971). The only effective way for dispersal is 
through a small corridor in East Africa, between the large lakes and the high East 
African mountains and which eventually terminates in the Ethiopian highlands. It 
is therefore not surprising that the largest numberof recorded Chrysopidac is in the 
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eastern half of the continent.The best investigated part of the continent is doubtless 
Southern Africa in the region south of the Cunene and Zambezi rivers. In his revi- 
sion of the Chrysopidae of this region Bo Tjeder (1966) described and redescribed 
77 species. This number has subsequently increased to about 90. 


MATERIAL 

The basic information for the conipilation of species in Table I originates 
from the following papers: VAN DEt^ Weele (1909(7, b), Esben-Petersen (1927), 
KllviMlNS (1939, 1959), Fraser(1951, 1952, 1955, 1957), Tjeder (1966, 1976), 
Barnard and Brooks (1984), Brooks (1984), Semeria and QUILICI (1986), 
Holzel (1987, 1989, 1990(7, h, 1991, 1992, 1993, 1998), HOLZEL and DUELLI 
1990, 1994), HOLZEL (S:Ohm (1982, 1990, 1991(7, 1991/7, 1992, 1995), (3lIM and 
Holzel (1982,1992,1995, 1997,1998), Holzel et ai (1991), Holzel and Mon- 
SERRAT (1992), Holzel et ai (1994, 1997), Holzel et ai (1999), Mansell 
(2000). Besides the published records, material collected by the authors in the last 
15 years in Africa has been included in this stiidy. Moreover most important data 
from the collection of African Chrysopidae in the National Collection of Insects, 
Pretoria, have been used. For these we wish to express our thanks to Dr. M. W. 
Mansell, Pretoria. 


CHRYSOPIDAE OF THE AFROTROPICAL REGION 

Hundred eighty species and 6 subspecies are listed as occuring in the Afro- 
tropical Region. They can be arranged into 10 groups on the basis of their current 
distribution in Africa. Owing to the scarcity of some species their assignment to 
one of the groups is presently tentative (Table 1). 

West A frican lowland rainforest 

The lowland rainforest has not been extensively explored. Up to now, 18 spe¬ 
cies have been recorded only from this region. A few have been collected once and 
never again in almost 100 years. On the other hand the rainforest has been colo- 
nised by several widespread species siich as Ceratochrysa antica, Chrysoperla 
congrua, Dichochrysa sjoestedti, Mallada desjardinsi. The recorded distribution 
of Glenochrysa conradina is illustrated in Figure 1. 
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Table 1. Chrysopidae oflhe Afrolropical Region* 

Fam. Chrysopidae 

1 2 3 4 5 6 7 8 9 K) 


Subfain. Nolhochrysinac 

Kimochrysa africcuui (KiMMINS, 1937) 
K. impar TiEDER, 1966 
K. raphidioidcs T}EDER, 1966 
Pamochrysa stellata Tjeder, 1966 
Subfam. Apochrysinac 
Apochrysa Icptalea (Rambdr, 1S42) 
wayneri ll()LZEL, 1996 
Anapochrysa vocltzkowi (Weele, 1909) 
Subfam. Chrysopinac 
Tribc Ankyloplcrygini 

Ankylopteryx alliiaudi Navas, 1910 
A. hiicttikofcri VAN DER Weele, 1905 
A. collarti NavAs, 1925 
A. fastuosa Navas, 1929 
A. modesta IIOLZEL cl OllM, 1991 
A. neplieloptera Navas, 1912 
A. overlaeti NavA.s, 1936 
A. pallidula Tjeder, 1966 
A. pusilla Tjeder, 1966 
A. splendidissima GERt:^TACRER. 1SS4 
A. tanana Fraser, 1952 
A. venusta (llAGEN, 1853) 

Gciuis Parankylopteryx Tjede.R, 1966 
/^ maculata (KiMMINS, 1939) 

/^ multipunctata (Fraser, 1951) 

I\ polysticta (NavAs, 1910) 

P. speciosa (NavAs, 1924) 


P. tenuis HoLZEL, Stelzl ct Ohm, 1991 o 
P. waterloti (NavAs, 1911) o 

Tribc Bclonoplerygini 
Gcnu.s Chrysacanthia Lacroix, 1923 
C. varicella {V^R^S.ER, 1951) 

Genus Chrysaloysia NavAs, 1927 
C. somalica NavAs, 1927 
Genus Pysochrysa Tjeder, 1966 
I). furcata Tjeder, 1966 
Genus Italochrysa PRINCIPI, 1946 
/. Tjeder, 1966 

/. asirensis HOlzel, 1980 
/. himaculata IIOLZEL, 1980 
/. houeti (NavAs, 1927) 

/. hur^eoni 1924) 

/. exilis Tjeder, 1966 
/. falcata Tjeder, 1966 


o 


o 


o 



o 




o 
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Tahle 1 (conti nued) 

Fam. Chrysopidae 

1234 5 6789 10 


I. gigcintea (McLachlan, 1867) 

/. (Navas, 1911) 

/. impar (NavAs, 1912) 

/. limbata (Navas, 1924) 

/. lobini Holzel et Ohm, 1982 
/. lyrata Tjeder, 1966 
/. madagassa Holzel et Ohm, 1995 
/. mozambica (Walker, 1860) 

I. neiirodes (Rambur, 1842) 

/. nossibensis (Navas, 1928) 

I. okavangoensis T]EDER, 1966 
I. peringiieyi (Esben-Petersen, 1920) 

/. pittawayi HOLZEL, 1988 
/. (McLachlan, 1867) 

I. sectoria (Navas, 1925) 

/. serrata Tjeder, 1966 
/. A7/;7/7/.y Tjeder, 1966 
I, stigmalis (Navas, 1928) 

/. temerata (Navas, 1914) 

/. tumeri (Kimmins, 1948) 

/. va/7>^{?<7/a (Burmeister, 1839) 

I. ziilu Tjeder, 1966 
Genus Nesoclirysa Navas, 1910 
N. grandidieri Navas, 1910 
N. illota (Tjeder, 1966) 

N. macrostigma (Gerstacker, 1 894) 

N. marginata (Navas, 1912) 

N. marginicollis 1957) 

N. rubeola (Tjeder, 1966) 

N. ruficeps (Tjeder, 1966) 

N. virgata (Tjeder, 1966) 

Genus Oyochrysa Brooks, 1985 

O. ancora Brooks, 1985 

O. sanguinea Brooks, 1985 
O. spadix Brooks, 1985 
Genus Turnerochrysa KiMMiNS, 1935 
7'. mirifica KIMMINS, 1935 
Tribc Chrysopini 
Genus Apertochrysa Tjeder, 1966 
A. eurydera (Navas, 1910) 

A. umbrosa (Navas, 1914) 

Genus Borniochrysa Brooks et Barnard, 

B. squamosa (Tjeder, 1966) 


1990 
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l’al)le 1 (conlinuccl) 

Fam. Chrysopidac 

12 3 4 5 6 7 8 9 10 


Ciciuis Hrinckoc/irysa Tjeder, 1966 
II alfiehi (Navas, 1926) 

H. antcnnalis (Navas, 1914) 

H. hcnincnsis HOLZEL cl DuELLI, 1994 o 

H. chlorosoma (Navas, 1915) 

H. lauta (Esben-Petersen,1927) 

B. notabilis (HOLZEL cl OlIM, 1991) 

B. placata (Navas, 1929) 

B. pulchella HOLZEL, 1989 
B. stenoptera (Navas, 1910) 

B. tjecleri IlOLZEL, 1989 

B. tiirkanensis (Hwks, 1936) 

Genus Ceratochrysa Tjeder, 1966 

C. antica (Walker, 1853) 

C. ceratina (NavAs, 1910) 

C disparilis (NavAs, 1934) 

Genus Clirysenwsa Brooks et Barnard, 1990 
C conunixta (Tjeder, 1966) 

C. jeanneli (NavAs, 1915) 

C mosconica (NavAs, 1931) 

C. parva (Tjeder, 1966) 

C piresi (HOLZEL cl OllM, 1982) 

C senef^alensis HOLZEL, Ohm cl Stelzl, 1994 
C. stigmata (NavAs, 1936) 

C //// 7 / 7 /Y///.V (NavAs, 1933) 

Cycnus Chrysocerca VAN DER Weele, 1909 
C. nigrivultuosa (Kimmins, 1955) 

Genus Chrysoperla Steinmann, 1964 
C. /7rcv/cY;//7y (Rambur, 1842) 

C carnea (Stephens, 1836) s. 1. 

C comans (Tjeder, 1966) 

C congrua 1853) 

C, decaryana (NavAs, 1934) 

C 6M77/(McLachlan, 1869) 

C. insulata (Fraser, 1957) 

C. nyerina (NavAs, 1933) 

C plicata (Tjeder, 1966) 

C. pudica (NavAs, 1913) 

C volcanicola flOLZEL, OllM cl DuELLi, 1999 
C. zm-rnm’/(E sben-Petersen, 1928) 

Genus Crassochrysa IIOLZEL, 1990 
C. aculeata (Tjeder, 1966) 

C. proxima Hc)LZEL, 1990 
C somalica llOLZEL cl OllM, 1991 


o 


i) 


o 


o 


C) 


c 


C) 


o 


t) 

o 


o 


(1 


o 


o 


o 



o 


o 


o 


c 


o 


o 


o 


o 


o 


o 


o 


o 

o 

o 

0 

o 


o 


o 

C) 
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Table 1 (conlinued) 

Fani. Chrysopidae 

12 3 4 5 6 7 8 9 10 


Genus Cunctochrysa HOLZFL, 1970 

e kcinnemeyeri (Esben-Petersen, 1920) 
Genus Dichochrysa Yang, 1991 

D. cilliumolens HOLZEL, Ohm et Stelzl, 
D. amseli (HOLZEL, 1980) 

/9. arabica HOLZEL, 1995 
D. atrosparsa (Tjeder, 1966) 

D. basuto (Tjeder, 1966) 

D. bibens HoLZEL, Ohm et Stelzl, 1997 
D. birungana (Navas, 1924) 

D. caffer {TiEDER, 1966) 

D. chlorella (Navas, 1915) 

I ). diloris (SCHNEIDER, 1851) 

D. collartina (Navas, 1932) 

/>). congolana (Navas, 191 1) 

I). decaryna (Navas, 1924) 

O. decolor 1913) 

/). dnplicol(i duplicata {Na\/AS, 1934) 

I). d. mascarenica HOLZEL et Ohm, 2000 
/7. d. polyneiira (Navas, 1940) 

/7. gimvorae (Tjeder, 1966) 

/). hamata (Tjeder, 1966) 

/7. lumdschini (NavAs, 1929) 

/7. (Fraser, 1951) 

/7. incrassata (Tjeder, 1966) 

/7. ingae (Tjeder, 1966) 

/7. iniqua (Navas, 1931) 

/7. inopinata HOLZEL et Ohm, 1995 
/7. (Holzel 1993) 

/7. kibonotoensis (VAN DER Weele, 1910) 
/7. lucdioensis {Tieder, 1966) 

/7. niarchionissa (Navas, 1915) 

/7. mauriciana (Holzel et Ohm, 1991) 

/7. militaris HoLZEL et Ohm, 2000 
/7. /77://?7//?e/7.s7‘v (Holzel, 1993) 

/7. nicolaina (Navas, 1929) 

/7. nigra (McLachlan, 1869) 

/7. nyassalandica (Navas, 1914) 

/). oralis (Navas, 1914) 

/7. perpallida (Tjeder, 1966) 

/7. pervenosa (Tjeder, 1966) 

/7. pulchrina (Tjeder, 1966) 

/). raedarii IIOLZEL et Ohm, 2()()0 
/7. rotlischildi {Navas, 1915) 

/7. /77/?/c77/7c/^/(H olzel, 1993) 


1997 
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4'al)le 1 (eontinued) 

P^am. Chrysopidae 

1 2 3 

4 5 

6 7 

8 

9 10 

I). rubra (IIOLZEL, OtlM cl Stelzl, 1994) 

/X sansiharica (KOLBE, 1897) 

/). setosa IIOLZEL et Ohm, 1993 

o 


o 

o 


l). sjocstcdti (VAN DER Weele, 1910) 

!'>. .Y/W/‘v (Holzel, 1988) 

/). .vp/.y.vmcnv.y (Tjeder, 1966) 


o 

o 


o 

I). tacta (Navas, 1921) 

D. teiresias (HOLZEL & OUM, 1982) 


o 

o 



n. varians (KiMMINS, 1959) 

/). vcA/rM-W/r/(E sben-Petersen, 1920) 

o 


o 



D. ziilii (Tjeder, 1966) 

Genus Glcnochrysa Esben-Petersen 1920 



o 



G. conraclina (Navas, 1910) 

G. insularis insularis IIOLZEL, 1991 

o 



o 


G. i. ^rancomorensis IIOLZEL et OUM, 2000 




o 


G. i. mayottcnsis IIOLZEL et OUM, 2000 

G. principissa (Navas, 1915) 



o 

0 


Genus Mallada Navas, 1925 






M. desjardinsi (Navas, 1911) 

M. meloni (Navas, 1924) 

o 




o 

Genus Plesiochrysa Adams, 1982 






P. litorosa (Navas, 1911) 




o 


P. scotti (Esben-Petersen, 1927) 




o 



* 1 = West African rainforest; 2 = Easl African montane forests; 3 = West Alrican savannah; 4 = So- 
mali arid; 5 = Sudanese arid; 6 = Soiithwestern-arid; 7 = Easl and Soulheasl Afriea; 8 = Madagascan 
siibregion; 9 = Pan African species; 10 = distribiition unknown. 


East A frican montane forests 

The insect fauna oflhe montane evergreen forests of East and Southeast Af¬ 
rica is poorly known. In addition to the foiir listed species of Chrysopidae, deserip- 
tions of three fiirther species are in press. 

West African savannah 

The fauna of the West African savannah is virtiially unknown. The four listed 
species have oniy been recorded once in Nigeria and in wSenegal. 
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Somali arid zone 

There is a poorly known arid-adapted fauna in the horn of Africa. So far, 18 
species are known, six of which seem to be endemics; one of them, Chrysaloysia 
somalica, belongs to an endemic genus. The recorded distribiition of Chrysemosa 
mosconica is shown in Fig. 2, as an example. 
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Sudanese arid z.one 

The 12 species known from this region manifest three distributional trends. A 
Western faunal component with three species, Dichochrysa nigra, I). teiresias, en- 
demic to the Cape Verde Islands and Chrysernosa piresi occuring on the Cape 
Verdes and in northwestern wSenegal. An eastern faunal component with five spe- 
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cies: Italochrysa pittawayi and Dichochrysa arabica endemic to the SW Arabian 
peninsula, D. amseli, D. spadix and Brinckochrysa alfierii in SW Arabia and Sii- 
dan. More widespread faunal elements represent the other four species: Italo¬ 
chrysa bimacidata from NW Senegal, Tunisia and Yemen, Brinckochrysa plagata 
(Fig. 3) from the Cape Verde Islands, Sudan and the Southern Arabian peninsula, 
Italochrysa lobini from the Cape Verde Islands, Nigeria and the Hoggar mountains 
in Algeria and Chrysoperla carnea s. I. (a taxon of this group, which can be well 



Fig. 3. Recorded di.slribution q! Brinckochrysa plagata 
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dilTerenlialcd niorphologically) iVom the Cape Verde Islands, Senegal, Ethiopia, 
Siidan and the Southern Arabian peninsula. 

Soiithwestern African arui z.one 

This area includes the best investigated parts of the continent. Of 29 species 
foiind in this region no less than 16 are probably endemics. Five species occur also 
in southeast Africa and the other eight are wide spread over the continent. 
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The 16 apparently endemic species manifest several distributional trends. 
The distribiition of Italochrysa neiirodes, Dichochrysa karooensis, D. rubicunda 
and two undescribed species is limited to the Karoo in the Cape Province. Chryse- 
mosa parva has, so far, only been foiind in a small area in the Kalahari, Dicho¬ 
chrysa namihensis in the Namib desert at Gobabeb and Dichochrysa sp. on the 
Brandberg massif. Dichochrysa alliiimolens, D. bibens, Italochrysa serrata, /. 
okavangoensis and Turnerochrysa mirifica are known from single records in Na- 



Fig. 5. Rccordcd distribiition of Dichochrysa diloris 
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niibia, only Dichochrysa tacta (Fig. 4), Chrysoperla zastrowi and Italochrysa tur- 
neri represent more widespread faunal elemcnts. 

East and southcast A frica 

The 56 species recorded IVom Ihis region manifest at least Ihree dislribiitional 
patterns. Noilhern faunal component: a few East African species have not been 
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foiind South of the Zambezi river. Nesochrysa marginicollis occurs in Tanzania, 
while Chrysoperla nyerina occurs only in Kenya, Dichochrysa sansiharica is only 
known from the isiand of Zanzibar and Chrysoperla volcanicola, described from 
Ethiopia, extends to the Comoro islands (Grande Comoro). 

Eastem faunal component: 47 species occur in the eastem paits of Southern 
Africa and do not extend into the Southwestern African arid zone: Kimochrysa 



Fij». 7. Rccorded distribution of Italochrysa ziilu 
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africana, K. impar, K. raphidioides, Pamochrysa stellata, Apochrysa leptalea, 
Ankylopteryx pusilla, Italochrysa amplipermis, I. exilis, L falcata, 1. fulvicornis, L 
gi^antea, /. lyrata, L mozamhica, L rufostigma, Nesochrysa illota, N. ruheola, N. 
ruficeps, N. virgata, Ceratochrysa ceratina, Crassochrysa aculeata, C. proxima, 
Cunctochrysa kannemeyeri, Dichochrysa atrosparsa, D. hasuto, D. caffer, D. 
chloris (Fig. 5), D. gunvorae, D. incrassata, D. ingae, D. perpallida, D. pervenosa. 



Fij». 8. Rccordcd distributiori of Dichochrysa sjoestcdti 
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D. piilchrina, D. spissinervis, D. venosella and D. zulu. Some extend to the isiands 
of the Madagascan subregion or to the north, in some cases up to Ethiopia. These 
include Ankylopteryx pallidula, A. venusta, Parankylopteryx polysticta (Fig. 6), 
Italochrysaperingueyi, /. variegata, Brinckochrysa lauta, Chrysoperla comans, D. 
kihonotoensis, D. hamata, D. handschini, D. nyassalandica and Glenochrysa prin- 
cipissa. 

General faiinal component: only a few species are widespread in Southern 
Africa some occuring from Kwa-Zulu/Natal in the east to Namibia in the west. 
These include Italochrysa impar, /. z.ulu (Fig. 7), Brinckochrysa pulchella (also 
extends to Madagascar), B. tjederi, and Chrysemosa commixta. 

Eighteen additional wide spread species were also recorded in the region. 

Madagascan subregion 

Thirty-one described species and subspecies are listed here. They are dis- 
cussed by OHM and HOLZEL (2002). 

Wide spread in Africa and heyond 

The enumerated 19 species do not fit well into the foregoing distribution pat- 
terns. They are wide spread over the whole region or at least over large paits of it. 
Some of them extend even fuitherto other biogeographical regions. Brinckochrysa 
chlorosoma extends to the west iip to the Cape Verde Isiands, to the north over the 
whole Arabian peninsula into the Mediteminean to Southern Europe. Mallada 
desjardinsi has also extended into the Cape Verdes, occurs in almost ali countries 
of South and Central Africa and extends over all isiands of the Madagascan subre¬ 
gion as far as the Bonin Isiands in Micronesia. Chrysoperla congrua extends to St. 
Helen in the west, to Oman and Yemen in the north and over some isiands of the 
Madagascan subregion to the Australian region in the east. The distribution of the 
other species is more or less limited to sub Saharan Africa and the Madagascan 
subregion. 

This pattern of distribution is mainly found in families of the suborder Heme- 
robiiformia with larvae living on the vegetation (partly Chrysopidae, Hemerobii- 
dae, Coniopterygidae). They usually do not colonise the lowland rainforest, but 
some have been recorded from there, e.g. Ceratochrysa antica, Chrysoperla 
congrua, Dichochtysa sjoestedti (Fig. 8), Mallada desjardinsi. 
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Poorly known Afrotropical Chtysopidae 

Many of lhel2 species listed here were described almost 100 years ago and 
have not been recorded since then. In a few cases when type specimens are not 
available they will have to be removed from Ihe lisl of Afrotropical Chrysopidae 
and be considered as nomina dubia 


CONCLUSION 

In this study a first attempt is made to arrange the known Afrotropical species 
of the family Chrysopidae into groiips on the basis oftheir current distribution. The 
main constraint is that large parts of the continent have not been adeqiiately inves- 
tigated with respect to Chrysopidae. This concerns mainly West Africa where the 
faiina of the broad savannah belts north and south of the equatorial rainforest is vir- 
tually unknown. In 1966, BoTJEDER wrote in his monography of the South Afri- 
can fauna: “We know for the present not a singlechrysopid from Angola”. This has 
not changed. Likewise the fauna of the lowland rainforest as well as the fauna of 
the Hast African montane forests is scarcely known. 

The degree of exploration is satisfactory only in Southern Africa, where in the 
last decades many African and European entomologists have collected extensive 
material, which could be evaluated. Recent collections have also been made in 
West Africa on the Cape Verde Islands, in Senegal and in Equatorial Guinea, in 
East Africa in the Republic of Sudan and in Somalia. Our present knowledge about 
the Afrotropical elements in the fauna of the Southern Arabian Peninsula is also 
very satisfactory (HOLZEL 1998). 

The attempt to arrange the Afrotropical species with respect to the patterns in 
their distribution is based on very differing numbers of records and some of the 
statements may prove to be only tentative. 


* 

Acktu)wlcd}^cments - We wish lo Ihank Ihc rcvicwcrs for ihcir valuablc commcnls on ihc 
manuscripl and particularly for the linguislic improvcmcnl. 
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MUSCULATURE OF MALE GENITALIA OE ANTLIONS 
(NEUROPTERA, MYRMELEONTIDAE): 

EIRST RESULTS OE STUDY 


V. A. Krivokhatsky 


Zooh^ical Institute, Russian Academy of Sciences 
Universitetskaya nah.,1, 199034, St. Retershur^, Russia 
E-mail: myz @ zin. ru 


The male genitalia of speeies of anllions sludiecl \Myrmecaelurus trigrammus (Pall.), 
Creoleon plumbeus (Ol.)| consisl ofevidenl moq^ho-funetional struclures; pregenital, ejacii- 
lalory and copiilalory complexes. The laller can be divided inio the aedeagal and proclal 
subcomplexes. Sclerites and muscles ofeach complex are described. 

Key words: anllions, male genitalia, musculature 


MATERIAE AND METHODS 

The present sludy was carried oul on Iwo species of anllions, Myrmecaelurus trigrammus 
(Pallas, 1781), and Creoleon plumbeus (Olivier, 181 1). Living specimens of bolh species were 
collected in the Kazanlip Cape, Crimea, Ukraine, 25-28.07.1994 (V. Krivokhatsky coli.) and pre- 
.served in 70% alcohol. The abdomens of 10-12 specimens ofeach species were dissecled iising 
microknifes and pins under Ihe binocular microscope MBS-10 (LOMO, Russia). The drawings are 
schemalic as Ihe dilTerenl paris of genitalia were viewed from a different angles and from a number of 
dissecled specimens. 

The lerminology of sclerites in the male genitalia of anllions is given afler Tjeder (1954, 
1956), Acker (1960), Aspock et ai (1980); the different names for the same paris of genitalia of 
lacewings are used wilh conlribulions from the names known for olher insect orders (Shvanvitsh 
1949). The enumeration of muscles elaboraled for well investigaled laxa of insects, such as Diptera 
(OVTSHINNIKOVA 1989, 2000) and Lepidoplera (Kuznetzov & Stekolnikov 1984), is not used in 
the present preliminary reporl. Addilional data from olher laxa of anllions are needed for the correcl 
enumeration in future. 


RESULTS 

There are Ihree well distinguished functional complexes ol' genital sclerites 
and their muscles in the tip ot the abdomen in both species (Eigs 1,5); pregenital, 
ejacLilatory, and copiilatory. The latter can be divided into two subcomplexes: 
aedeagal and proctal. 
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Ejaculatory complex 

EjacLilatory complex consists of the ejaculatory apodeme {hyp. - hypand- 
rium internum or sternite 10) with strong muscles /?-/? (Figs 2, 7), which pump 


IX X (ect) 




Figs 1-3. Intcrnal male genitalia structures of My nue cael urus trigrammus: 1 = general structure of 
internal genitalia, lateral view; 2 = ejaculatory complex, dorsal view; 3 = aedeagal subcomplex, dor- 
sal view. Explanations: VIII = eight abdominal tergite, IX = ninth abdominal tergite, X (ect.) = tenth 
abdominal tergite (ectoproct); an. = anus; gen. op. = genital opening; gl. = glands; gon. = gonarcus; 
hyp. = hypandrium internum; h-h = muscle hypandrium-hypandrium; pa. = paramere; p-g = miiscle 
paramere-gonarcus; S8 = eight sternite; S9 = ninth sternite 
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Fi}»s 4-5. Intcrnal male genitalia structures of Mynnecciehirus tri^ramnius: 4 = nuisculalure ol' 
pregenilal and copulative complexes, dorsal view; 5 = proctal subcomplex, dorsal view. Explanatioris: 
e-a = muscle ectoproct-anus; e-g = muscle ectoproct-gonarcus; e-t = muscle ectoproct-ninth tei- 
gite; g-s = muscle gonarcus-ninth sternite; mem. = membrane; t-t = eiglit tergite - ninth tergite; otli- 

ers as as in Figs 1-3 
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VIII IX X(ect) 



pa. 




Figs 6-8. Internal male genitalia of Creoleon plumbeus: 6 = gencral structure of internal genitalia, 
lateral view; 7 = ejaculatory complex, dorsal view; 8 = aedeagal subcomplex, dorsal view; Explana- 
tion: p-g = paramerc-gonarcus; others as in Figs 1-3 and 4-5 
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sperm to Ihe aedeagal siibcomplex. The ejaculatory apodeine has no muscles con- 
nectcd with other sclerites. This complex is very compact and includes also two or 
more pairs of dilTerent sexual glands (gL). The sickle-like piate of the hypandrium 
internum is present in both species. This piate is membranous and slightly reddish 
coloured in fresh alcohol preparations. It is invisible on preparations after boiling 
in KOH (potassium hydroxide) solution and was not found previously in M. tri- 
grammus or in C plumbeus. wSome time ago the presence or absence of the 
hypandrium internum was estimated by me as the diagnostic feature in the generic 



Fij». 9. Creoleon plumbeus: musculatiirc ofprcgcnilal and copulative complexes, dorsal view. Expla- 
nations: e-s = muscle ectoproct-ninlh sternite; s-s = muscles eight sternite-ninth sternite; others as 

in Figs 1-3 and 4-5 
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level in Myrmecaelurinae (KRIVOKHATSKY 1992); moreover it was not found in 
all taxa with nemoleontine type of male genitalia. It now seems, that the hypand- 
rium internum should be found in genitalia of almost all species of Myrmeleon- 
tidae, as they should have a structure with ejaculatory function. 

Pregenital complex 

Pregenital complex supports inner genitalia (aedeagal complex) within the 
abdomen by means of tergal {t-f) and stemal {s-s) muscle pairs (Figs 4,9) connect- 
ing tergites VIII and IX and stemites 8 and 9 by the same manner as in previous ab- 
doininal segments. In that complex some differences between the species were 
found. While in M. trigrammus its muscles are simple (Fig. 5), in C. plumbeus 
(Fig. 9) they are splitt. Sternal muscles in C. plumbeus are splitt into the two dis- 
tinctive pairs, one of which runs from the middle of sternite 8 to the basal edge of 
sternite 9, and the other one from the middle of sternite 8 (some laterally) to the 
wide membrane close to the lateral corners of sternite 9. Tergal muscles in C. 
plumbeus are bifurcated; the stronger branch attaches to the basal part of tergite IX, 
and the smaller one to the same membrane, but close to the basal comer of tergite IX. 

Copulative complex 

Copulative complex functions as the aedeagus (copulatory and sperm-pump 
functions) and prohibitor of defecation during copulation. 

Aedeagal subcomplex — The aedeagal subcomplex in both species (Figs 1,6) 
consists of gonarcus (gon., coxopodite 9) and paramere (pa., coxopodite 10). 
These sclerites connect with each other by means of strong muscles p-g (Figs 3, 8), 
which move the paramere into the gonarcus. Other muscles responsible for the 
movement of gonarcus differ considerably in two species. C. plumbeus (Figs 8, 9) 
has more simple construction with gonarcus supplied by one pair of protractors of 
gonarcus e-g (from gonarcus to ectoproct) and one pair of retractors g-t (from 
gonarcus to tergite IX). Protractors of gonarcus e-g in M. trigrammus (Fig. 4) are 
also well defined, but retraction is carried out by the muscles g-s running from the 
corners of gonarcus to the basal plates of sternite 9. Some other muscles (e-a) take 
part in the movement of gonarcus too, but their primary function seems to be dif¬ 
ferent. 

Proctal subcomplex - Proctal subcomplex has the role to block the anus dur¬ 
ing copulation, and consists of muscles e-a compressing the integument of anus 
when aedeagal complex is protracted (Fig. 5). In M. trigrammus (Figs 4, 5) there 
are two pairs of e-a. Both are responsible for the opening of ectoprocts and for 
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comprcssing the anus during copulation. More strong pair of e-a nins from Ihe 
gonarcus and attaches lo the integumenl of aniis close to the gonarcal membrane. It 
takes pai1 in pulling oiit the gonarcus. More slender pair of e-a attaches to the anus 
IVom above. The latter was foiind in C plumbeus (Fig. 9), where the strong pair 
was not fownd. It seems that the blocking function is realized froni below by e-}^ 
muscles which press the arc of gonarcus to the integument of anus. The muscles of 
the proctal complex, which function to block the anus during copulation, also take 
a definite pai1 in the process of defecation at other times. 
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NEUROPTERIDA OE THE ABRUZZO NATIONAL PARK, ITALY 
Letardi, a. and E. Migliaccio* 

1:NEA, C. R. Casaccia, Via Anguillarese 301, S.P. 046, 1-00060 S. Maria di Galeria 
Rame, Italy: K-mail: aletardi@casaccia.eriea.it 
*Apennine Centre for Ecological Research, Ahruzzo National Park 
1-67032 Pe.scas.seroli, L'Aquila, Italy 

A prcliminary chcck list of Ncuroptcrida of Abruzzo National Park, Italy, is prcscntcd. Aboiit 
49 taxa of Mcgaloptera, Raphidioptcra, and Ncuroptcra wcrc dctcctcd within thc Park and in 
thc surrounding arcas, although thc idcntity of 13 ofthcsc requires confirmation. The material 
was collcctcd during occasional rcscarch bctwccn 1997 and 1999. A rcvicw of publications 
with distributional data is included. 

Kcy words: Abruzzo National Park, Mcgaloptera, Raphidioptcra, Ncuroptcra, Italy 


INTRODUCTION 

Dr. E. Tassi (Abruzzo National Park) started Biodiversity Project in 1993. 
This project is one of the new lines of conservation activity, environmental educa- 
tion and scientific research of the Abruzzo National Park and its satellite organiza- 
tions, and in pailicular of the Apennine Centre for Ecological Research and of the 
National Parks Committee. Biodiversity Project sets itself a series of multiple 
aims: 

I. Promoting in-depth studies and knowledge of the richness, variety and sta¬ 
tus of the fauna and flora of the Park, of the Central Apennine system of protected 
areas and, in a wider perspective, of the rest of Italy, with speciai reference to the 
National Parks and Equivalent Reserves. 

II. Developing the most effective methods of communication, expression and 
information to enhance public knowledge, perception and participation in conser¬ 
vation activities. 

III. Identifying priorities, strategies and tacties, and therefore the most appro- 
priate policies, for full attainment of the fundamental aims of conservation. 

More than 7 000 different animal and piant species have been recorded in the 
Abruzzo National Park and in its Buffer Area to date. 

Biodiversity Project pursues its objectives through the most varied actions. 
One of these is the compilation of lists (Red List, Check List, other historical 
and/or updated lists) of the living organisms of well-defined geographical zones. 
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ABRUZZO NATIONAL PARK 

The Abmzzo National Park, consisting of 50 000 hectares (plus 60 000 hectares 
of buffer zone), is situated at the heait of the Central Apennines, spanning Abmzzo, 
l.azio and Molise, and equidistant from the Adriatic and the Tyrennian seas. 

The Park covers three provinces (Aquila, Frosinone and Isernia), and twenty- 
two municipalities, and includes five distinet geographical areas: Alto Sangro, 
Marsica Fucenese and the Peligna valley in Abruzzo; the Comino valley in Lazio; 
the Mainarde in Molise. 

The Park is principally made up of several mountain chains, rising from an alti- 
tude of 900 to 2 000 metres a.s.l. The landscape is varied and interesting, altemating 
between rolling hilltops, typical of the Apennines, to precipitous alpine slopes. 

The Sangro river runs through the centre of the Park, and has several streams 
running into it, whilst the waters of the Giovenco, Melfa, Volturno and other rivers 
llow through the external part of the Park. Because of the karst phenomenon, rivers 
often llow through underground beds and rise to the surface in the valleys, some- 
times outside the territory of the Park. 

Inside the protected area there is only one small natural basin at high altitude. 
This is Lake Vivo, fed paitly by its own springs and partiy by melted snow. 

The Park’s territory was formed in the past by the phenomena of glaciers and 
karst, or rough limestone. Today we can see evidence of this in the glacial circles 
foLind in the high parts of the valleys, and morainic deposits and jagged rocks on 
the valley floors. The karst phenomenon can be seen by the presence of caves, fis- 
sures, holes and other simi lar features. 

The rocks in the park are calcareous; clayey and sandy soils can be found 
only in the lower parts of some valleys. The mountain chain of Camosciara is typi¬ 
cal of the region, which also comprises dolomitic limestone. The impermeable 
rocks cause the water to flow along the surface, and as a resuit we can find torrents 
which form picturesque waterfalls and pools. 


CHECKLIST OF NEUROPTERIDA 
OF ABRUZZO NATIONAL PARK 

MEGALOPTERA 


Sialidae 

Suilis /uliginosa PiCTET, 1836 
Sialis lutaria (LiNNE, 1758) 
Sialis nigripes PiCTET, 1865 
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Rapiiidiopihra 


Raphidiidac 

Phaeostii^ma ffcilloitalica (II. ASPOCK cl U. ASPOCK, 1976) 
Ormitonipludia jlavilcihris (CoSTA, 1855) 

Inocclliidac 

* Parainocellia hicolor (A. CoSTA, 1855) 


Nruroptera 


Coiiioplerygidac 

* Hclicoconis pseudolutcci OHM, 1965 

* Conioptcryx tincifonnis CURTIS, 1834 
Coniopteryx arcuata Kis, 1965 7 

* Coniopteryx eshenpeterseni Tseder, 1930 
Coniopteryx lentiae II. AsPOCK ct U. Asp()C'K, 1964 7 
Semidalis aleyrodiformis (Stephens, 1836) 

Mantispidac 

Mantispa styriaca (PoDA, 1761) 7 

Perlamantispa perla (PALLAS, 1772) sensu Erichson, 1839 7 
I Icmcrobiidac 

* Hemerohius gilvu.s Stein, 1863 

* Hemerohius handsc/iini l'JEDER, 1957 
Hemerohius humulinus LiNNE, 1758 7 

* Hemerohius micans Olivier, 1792 
Hemerohius nitidulus Eabricius, 1777 

* Hemerohius stif^ma Stephens, 1836 
Wesmaelius tjederi (KiMMINS, 1963) 7 
Me}»alomus hirtus (I.INNE, 1761) 7 
Me^^alomus pyraloides Rambur, 1842 7 
Mef>alomus tineoides Rambur, 1842 7 

* Megalomus tortricoides Rambur, 1842 

* Micromus paf^anus (Einne, 1767) 

Chrysopidac 

Clirysopa dorsalis BURMEISTER, 1839 
Chrysopa pallens (Rambur, 1838) 

Clirysopa perla (LiNNE, 1758) sensu SCHNEIDER, 1851 
Clirysopa viridana SCHNEIDER, 1845 7 
Clirysopa walkeri McLachlan, 1893 
Chrysoperla carnea s.l. (vStephens, 1836) 

* Chrysoperla lucasina (Lacroix, 1912) 

* Chrysoperla «slovv molorboat» sensu llENRY 

* Chrysopidia ciliata (Wesmael, 1841) 

Cunctochrysa alholineata (Killington, 1935) 

Cunctochrysa haetica IR)LZEL, 1972 7 
Dichochrysa flavifrons (Brauer, 1850) 
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Dic/iochrysci sp.pr. picteti (McLachlan, 1880) 

Dichochrysa prasina (BURMEISTER, 1839) 

Dichochrysa ventralis (CURTIS, 1834) 

Nineta flava (SCOPOLI, 1763) 

* Hypochrysa elegans (BURMEISTER, 1839) 

Myrmclconlidac 

Acanthaclisis occitanica (VlLLERS, 1789) ? 

* Myrmeleon fonnicarius LlNNE, 1767 
Ascalaphidac 

Lihelloides coccajus (Denis ct SCHIFFERMULLER, 1775) 

Lihelloides italiciis (FABRICIUS, 1781) 7 
Lihelloides longicornis (LiNNE, 1764) 

Lihelloides ottomanus (Germar, 1817) 

The systematic order used derives IVom the checklist of Italian Neuropterida 
(BERNARDI et al. 1995) with few modifications; symbol indicates species col- 
lected in this area for the firsl time; “?” symbol indicates determination which 
needs confirmation. 


DISCUSSION 

With the exception of a scientific surveying lead from the Institute of Ento- 
mology of Bologna (GRANDI 1958; PRINCIPI 1958b), no other specific study on the 
Neuropterida has been realized in the territory of the Park untii today. In that previ- 
OLis study, 13 species were reported, pertaining to the families Chrysopidae, Heme- 
robiidae and Ascalaphidae. 

In numeroLisotherpapers (Navas 1928, CASTELLANI 1957, PRINCIPI 1958a 
1977, INSOM et al. 1979, 1985, AlSTLEITNER 1980, ASPOCK et ai 1980, 1991, 
Letardi 1991, 1994, ZUPPA 1994, Letardi cS: Pantaleoni 1996, Pantaleoni 
& Letardi 1998) several faunistic repoils concerning Neuropterida in the terri¬ 
tory of the Park have been published. In three years, from 1997 to 1999, a series of 
collections of Neuropterida have been made, using a sweep net, in several areas of 
the Park at different periods during the year, with the aim of updating the “Check 
List of the living organisms” previewed in the Biodiversity Project of the Park. 

Based on such studies, at the moment 49 taxa comprising 9 families (Siali- 
dae, Raphidiidae, Inocelliidae, Coniopterygidae, Mantispidae, Hemerobiidae, Chry¬ 
sopidae, Myrmeleontidae, and Ascalaphidae) are reported in the checklist; 13 of 
these are repoited as “uncertain” for various reasons. In particular, records of Co- 
niopteryx arcuata, C. lentiae, Hemerohiiis humillimis, Wesmaelius tjederi, Me^a- 
lomus hirtus, M. pyraloides, M. tineoides, Chrysopa viridaua, Cunctochrysa hae- 
tica, and Lihelloides italiciis are based on bibliographical references with indica- 
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tion of locality not attributable with absolute certainty to the territory of the l^ark. 
For Mantispidae, a reliable visiial repoil exists (PACE pers. comm.) which does not 
allow for an undoiibtful species attribiition (both Mantispa styriaca and Petia- 
mantispa peria are quite comnion in different areas of Abruzzo with simi lar envi- 
ronmental conditions which can be found in the Park). Finally, the report of 
Acanthaclisis occitanica for the Park is based on a specimen preserved in a reliable 
collection, but the ecological requirements of such species are not compatible with 
present environments in the Park. 

The resulting Neuropterofauna is probably complete enough, taking into 
consideration the different environments in the territory of the Park. However, we 
can not exclude the possibility that fuiiher research, carried out with other tech- 
niques of collection (in paiticular with light traps), will increase the number of both 
species and families, in paiticular within Coniopterygidae and Hemerobiidae. 
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A WEB PAGE ON ITALIAN NEUROPTERIDA 
A. Letardi 
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Home, Italy: E-mail: aletardi@casaccia.enea.it 

For scvcral rcasons, very few rescarchers devoted Ihcir studies to Italian Ncuroplcrida. One of 
Ihcsc molives was dilTiciilly in litcralurc scarches duc to the lack of a rcvicw of many data scat- 
tered in obscure Journals and publications. Internet tools can assist rescarchers to communi¬ 
cate and casily find and access information. This contribution introduces the present “state of 
the art” regarding a wcb cataloguc ofdata pertaining to Italian Neuropterida. 

Kcy words: Internet site, Neuropterida, Italy 


INTRODUCTION 

Acceptance of Ihe Internet as a common niethoci for transferring entomologi- 
cal information has broiight aboiit a re evaliiation of the role of extension entomol- 
ogy, i. e. all the strategies of distributed information systems in this field. New op- 
portiinities exist for the collection and sharing of knowledge, biit the organization 
and categorization of information for timely retrieval remains a challenge 
(Vandyk 2000). 

Researchers benefit from iising the Internet on a one-to-one basis (e-mail, 
Eile Transfer ProtocoI), a one-to-many basis (discussion groups, Internet confer- 
ences), and from accessing large databases of knowledge. The constraints of time 
and money to accumulate and continually update entomological knowledge is sig¬ 
nificant, but the cost of posting large databases on the Web is relatively small 
(ZengFR & Walker 2000). 

Information on most Italian Neuropterida is scattered in obscure journals and 
publications, making litcrature searches difficult and discouraging rescarchers 
from studying this taxon. wSince Neuroptera-L - the Neuroptera listserver managed 
by PFiTER McEwen - and Neuroweb-the web site of resources managed by JoiIN 
OSWALD - were cstablished in 1995 and 1996, respecti vely, it has been ciear that 
the internet could play an important role in facilitating the tasks of researchers who 
study this group of insects (McEwen & OsWALD 1998). 

Since 1988, the present author has accumulated much information on Italian 
Neuropterida (bibliographic references, data from public and private collection, 
biological and zoogeographical notes and illustrations), both for personal 
neuropterological studies and for sharing information with colleagues. 
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After collaboration started in early 1998 on the project “Bibliography of the 
Neuropterida” to update the on-web bibliography with Italian literature, it was de- 
cided to post most of these data on a website. 

Some of these “pages under construction” which will be put on web are intro- 
duced here. 


CONTENT OF THE WEB PAGE 

In the first release of this “horne page” of the Italian Neuropterida, four 
groups of data will be provided: 

1) A bibliographical listing of collection data on Italian Neuropterida with: 

- bibliographic references; 

- original and updated determination; 

- Italian region; 

- year of capture of specimen (if data is available). 

2) A scheme with the regional distribution within Italy and adjoining regions 
of taxa (Fig. I). 
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Fig. 1. Detail of regional distribution scheme for the Italian Neuropterida on the upcoming web page 
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3) A collectiori of litcralure containing data on Italian Neuropterida, that can 
be downloaded as pdf (Portable Document Format) file. 

4) A card for each taxon with biological, faunistic, morphological and taxo- 
nomical notes (Fig. 2). 

DUarParthenopaeus Costa, 1855 



Maschio adulto (Foto Lcntini) 



l enimina adulta (l-oto Pantaleoni) 

Specie dalle caratteristielie eeologiche pressoche 
sconosciute. RaccolUi in Italia in querceti inisti di bassa 
quoUi, in lecceta e sui limite superiore della 
vegetazionc, tra i 300 e i 1700 m. nel pericxio luglio - 
meta agosto (Letardi, 1004b,c; Pace, comm. pers.). 


CnclemiNHio italiano 

Locus tN picus italiano: Monti dclla C a\a [proh. C a>a dc' I irrcnij, ( ainpaiiia 
Stadi preimmaginali; sconosciuti. 

Ampiczza dclPala anteriore delle immagini: da 4,5 a 6,5 mm. i ? ? (Aspock H., Aspck:k U., Holzel 
U., 1980); 4 mm. le ? ? (ali mcxiificate, inabili al volo, ali posteriori vestigiali di 0,5 mm. ca.; 
Pantaleoni e Letardi, 1996). 

Distribu/ionc regionale italiana; 

Lazio; Campania; Basilicata; C alabria; Sicilia?; Sardegna? 

Pubblica/ioni che citano questa specie in Italia; 

Costa, 1855; Brauer, 1876; Costa A., 1884b; Hagen, 1860a; Hagen, 1866; Navas, 1909; Navas, 

1910; Navas, 1914; (irandi, 1951; Aspock et al., 1980; Letardi, 1994b; Letardi, 1994c; Bemardi 
lori et al., 1995; Pantaleoni & Letardi, 1996; Aspock U. & H., 1999; 

Fig. 2. Example card for a specific taxon of Italian Neuropterida on the upcoming web page 
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Further information, and links with other web resources pertaining to Italian 
Neuropterida, will be added during the updating of this first contribution to the 
sharing of knowledge about these insects. 


CONCLUSION 

Between the end of 2000 and the beginning of 2001 this “home page” of the 
Italian Neuropterida will be included in the frame of the horne pages of the Civic 
Museum of Zoology of Rome. 

In future, when more sophisticated tools become available, it will be possible 
to generate online information. At the moinent, this contribution represents an- 
other, uncategorized source of entomological information, but hopefully this tool 
will help the Italian research community towards a more common sharing of 
knowledge about this small, but important group of insects. 
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RHMARKS ON NEUROPTHRA 
OF NORTH-FASTERN SLOVENIA (GORICKO) 

Lip()V.^ek, S. and B. Mencinger 

Department oj Biology, University of Marihor, Knroska 160, Sl-2000 Marihor, SIovenia 
E-mail: .sasa.lipov.sek®uni-mh.si 

The abundancc of species of Neuroptera was sliidicd in ihe Iradilional cullural landscape of 
Goricko (NE SIovenia). The inscets wcre collcctcd diiring 1997, 1998 and 1999 at 12 different 
localities. The green lacewing Chrysoperla carnea sensu lato was the most dominant species 
in the region. This species was the only one found in cultivatcd fields in Goricko district. 

Key words: Neuroptera, Goricko, SIovenia 


INTRODUCTION 

The norlh-eastern part ol' vSlovenia (Goricko) is known to be one of Ihe besl 
preserved and undamaged natiiral habilats of oiircounlry becaiise of its traditional 
farming. This region is mainly intliienced by Cenlral-Eiiropean and Pannonian cli- 
mates, and is a very interesting natural area. However, no stiidy has been made of 
its neuropteran faiina. Preservation of (loricko makes its faunaof special interest to 
iis. The aim of this stiidy was therefore to provide preliminary information on the 
presence and distribution of different Neuroptera in Cioricko. 


MATERIALS AND METHODS 

Neuroptera wcre investigated at 12 different localities in Goricko: Ledavsko lake (1), Kuzma 
(2), Grad (3), Vidonci (4), Mackovci (5), Stanjevci (6), (iepinci (7), Markovci (8), Bokraci (9), 
Krizevci (10), Krplivnik (11) and Hodos (12). These numbered localities are indicated in Fig. 1. Nine 
sites (1, 3, 5, 6, 8-12) were natural habitats, repre.senting typical vegetation of Goricko. They in- 
cluded (a) forests comprising chestnut (Castanea sativa), trembling poplar (Populus tremula), alder 
(Alnus glutinosa), beech (Fagus sylvatica), oak (Quercus petraea) and pine (Pinus sylvestris), (b) 
meadows and (c) edges of forests. The other three sites (2,4 and 7) included agricultural surfaces, e.g. 
meadows located between fields. The results presented here were obtained in July 1997, June and 
July 1998 and from May to August 1999. Larvae and adults were collected twice a month with a net, 
by beating branches of bushes and trees over an umbrella, by picking the larvae from the 1’icld and at 
night with light traps using the bulb with tungsten filament. 
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RESULTS AND DISCUSSION 

Species of the following families were found: Coniopterygidae, Osmylidae, 
Sisyridae, Mantispidae, Hemerobiidae, Chrysopidae, Myrmeleontidae and Ascala- 
phidae. The results are shown in Table 1. 



Fig. 1. A map of Goricko with collecting sites. Abbreviations: 1 = Ledavsko lake, 2 = Kuzma, 3 = 
Grad, 4 = Vidonci, 5 = Mackovci, 6 = Stanjevci, 7 = Cepinci, (= Markovci, 9 = Bokraci, 10 = Krizevci, 
11 = Krplivnik, 12 = Hodos, S = Slovenia, G = Goricko, A = Austria, H = Hungary, C = Croatia 
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AII of recorded species of Neuroptera in Goricko are also presenl in other 
parts in SIovenia and have been studied by Devetak ( 1984, 1992). wSimilar studies 
have been carried out in Austria (HOLZEL et ai 1980) and in Hungary (SZIRAki et 
ai 1992). 

Table 1. List ofspccics of Neuroptera collected in Goricko. The numbers in the right part oflhe ta- 
ble indicate localities (see Material and methods) in which Neuroptera were found. The presence of 
Neuroptera in agricultural sufraces was investigated in Kuzma, Vidonci and Cepinci (localities 2,4 
and 7). The other 9 sites were natural habitats representing typical vegetation of the Goricko arca 


12 3 4 

5 6 7 8 9 10 11 12 

Coniopterygidae 

Coniopteryx pygmaea ENDERLEIN, 1906 

Semidalis aleyrodifarmis (vSTEPHENS, 1836) 

Aleiiropteryx loewii KlapalEK, 1894 

Osmylidac 

Osmylus fidvicephalus (SCOPOLI, 1763) 

Sisyridac 

Sisyra terminalis CURTIS, 1854 * 

Mantispidac 

Mantispa styriaca (PODA, 1761) 

lleincrobiidae 

Hemerohius (H.) micans OlwXER, \1^)2 * * 

Hemerobius (H.) lutescens FABRICIUS, 1793 

Hemerohius (H.) humulinus LiNNAEUS, 1758 

Hemerobius (H.) handschini Tjeder, 1957 

Hemerohius (Brauerobius) marginatus StepheNS, 

1836 

Drepanepteryx phalaenoides (LiNNAEUS, 1758) 

Micromus variegatus (FABRICIUS, 1793) 

Micromus angulatus (STEPHENS, 1836) 

Chrysopidac 

Chrysoperla carnea (STEPHENS, 1836) sensu lato ♦ * * ♦ 

Clirysopa peri a ( LiNNAEUS , \15^) * * 

Myrmclcontidac 

Euroleon nostras (GEOFFROY in FOURCROY, 1785) * 

Dendroleon pantherinus (FABRICIUS, 1787) 

Ascalaphidac 

Lihelloides macaronius macaronius (SCOPOLI, 1763) 

♦ 

* * 

♦ 

* * 

* * 

* 

♦ 

* 

* * 

♦ 

sK 

♦ 

^ ^ 

:|c 3)c sje 9|C 

* 

* 

♦ 

Total number of species collected 2 2 3 3 

5 1 12 7 3 2 4 2 
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The green lacewing Chrysoperla carnea, treated here in the accepted sense 
of the “complex”, was the dominant neuropteran with respect to the number of 
specimen collected in Goricko region. Brooks (1994) recognized four distinet 
species groiips within Chrysoperla-co\x\p\e.x, based on moiphology of the male 
genitalia and wings. Recently, 5 sibling species were recognized within the 
carnea-gvoup of Chrysoperla based on their distinctive vibrational courtship songs 
(Henry et al. 1996). These green lacewings, present in 1 1 investigated localities 
and absent only from Stanjevci (locality 6), are of great impoitance as a natural 
aphid enemies. The presence of Chrysoperla carnea is expected also in Stanjevci, 
but its absence in our list may be the consequence of the lack of sufficient collect- 
ing data. Therefore its presence in Stanjevci should be checked in the near future. 
Chrysoperla carnea was the only neuropteran species found in some cultivated 
fields (e. g. fields of cereals). In the contrary, Mantispa styriaca inhabited only nat¬ 
ural areas, e.g. forest edges. Also Coniopteryxpygmaea, Sisyra terminalis, Henie- 
robius lutescens, H. marginatus, Euroleon nostras as well as Dendroleon panthe¬ 
rinus were present only in natural habitats. 

Chrysopa perla is the second most abundant species found in Goricko. It was 
present on 7 different localities, as Hemerohius micans. 

Neuroptera showed the highest number of species (12) in Cepinci (locality 
7). Such resuit has not come entirely as a surprise. This agricultural suiface borders 
on the forest edge, therefore a relatively high number of species was expected 
there. A higher number of species at forest edges than at other areas appears to be 
the rule rather than exception, as was also shown in the study assessing the contri- 
bution of forest ecotone structures to regional biodiversity, presented by DUELLI et 
al. (2002). 

The focus of our work was on survey of different neuropteran species in Go¬ 
ricko. As there are some rare and endangered species of Neuroptera {e. g. Osmyliis 
fulvicephaliis, Mantispa styriaca and Libelloides macaronius) in Goricko, this pait 
of Slovenia should receive greater concern of nature-conservation organisations. 
As different other neuropteran species are expected in Goricko, we intend to con¬ 
tinue our research of Neuroptera in this region. 


* 

Acknowledgement - We wish to express our thanks to Prof. Dr. Du.^AN Devetak for provid- 
ing us with specimen of Sisyra terminalis and for his support in research on Neuroptera. Many thanks 
are also due to two anonymous referees who made useful comments on the manuscript. 
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MONITORING LACEWINGS (INSECTA: NEUROPTHRA) 

IN SOUTHERN AERICA 

M. W. Mansell 

ARC - Piant Protection Research Institute, Private Pag XI34, Pretoria, 0001 South Africa 
Department ofZoology and Entomology, University of Pretoria, 0002 South Africa 
E-mail: vrehm wm @ piant5. agric. za 

A conccricd rcscarch programmc is bcing undcrtakcn on Southern African Neuroptera. This 
has been formally structurcd into five opcrational components or focal arcas: a biodiversity 
audit, systcmatic revisions, study of larval biology and ccological requirements, distribution 
patterns and prcdictivc modclling, and conservation status and protcctivc measures. The 
programmc is bcing undcrtakcn in collaboration with local and intcrnational rcsearchcrs, 
whilc amatcur cntomologists also makc significant contributions. 

Kcy words: Southern Africa, Neuroptera, ccology, biogeography, prcdictivc modclling, con¬ 
servation 


INTRODUCTION 

Southern Africa has an especially rich and varied fauna of lacewings (Insecta: 
Neuroptera), including 12 of the 17 recognised families. Approximately 500 spe¬ 
cies are estimated to occur in the region south of the Cunene and Zambezi rivers. 
About half of these are endemic to the sub-region, but they are vulnerable to habi¬ 
tat fragmentation and pesticide contamination. Neuroptera are consequently ex¬ 
cellent indicators of environmental and habitat transformation, and also include 
key species for signifying areas and faunas that require priority protection. They 
are ideal subjects for scientific research owing to their diverse and cryptic life- 
styles, and because of the restricted distributions and phenology of endemic spe¬ 
cies. Adults of several families pollinate indigenous Hora, with Nemopteridae be- 
ing paiticularly significant in this regard. Ali larvae are specialised predators with 
Linique, highly evolved mouthparts that clearly delimit Neuroptera as a mono- 
phyletic group. Because of their predatory habits, lacewing larvae impact upon 
populations of other insects and small Arthropoda, and are sought after as biologi- 
cal control agents. 

A research programmc to document and monitor the rich but vulnerable 
fauna of Southern Africa is in progress, and involves both local and international 
collaborators. The stimulus for this concerted research effort was provided by the 
classicstudiesof B0 Tjeder( 1957, 1959, 1960, 1966, 1967), who laid the founda- 
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tions to neuropterology in Southern Africa and, in the process, posed many chal- 
lenging questions to his successors. 

The programme has fi ve main objecti ves (Fig. l): (1) a biodiversity audit, (2) 
systematic revisions, (3) elucidation of larval biology and ecological requirements, 
(4) distribution pattems and predictive modelling, (5) conservation status and pro- 
tective measures. These areas have been identified to focus research on Southern 
African lacewings into a formal structure with clearly defined goals. 


THE BIODIVERSITY AUDIT 

This aspect is fundamental to the other focus areas, its main objective being 
to determine which taxa occur in Southern Africa. It involves ongoing collecting in 
all areas of the sub-region, as well as recording historical data from specimens in 
collections, locally and abroad. 

Adult Neuroptera are collected by means of non-destructive light-traps (Ober- 
PRIELER 1984) and by beating and sweeping vegetation. All material is pinned, and 
collection data are entered into the ‘‘Palpares Relational Database” that was de- 
signed for this purpose (Mansell & Kenyon 2002). Specimens are housed in the 
South African National Collection of Insects (SANC) and in other public and pri¬ 
vate collections. There are currently 31 000 specimens of Neuroptera in SANC, ac- 
commodated in 12 cabinets comprising 480 drawers. . 


Five Operational Components 
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Fig. 1. Diagram of the main focus areas of the Southern African Lacewing Monitoring Programme 
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Many pcrsons, whose names are recoriJed in the (Jatabase, have collected and 
donated speciniens to the programme. This is an inipoitant source of data, and sev- 
eral have made significant contribiitions to our knowledge of Southern African 
Neuroptera. Field work by SANC personnei has yielded many specimens, while 
recent collaborative expeditions with overseas and local colleagues have consider- 
ably enhanced collection holdings of Neuroptera. These collaborators include, H. 
ASPOCK, U. Aspock, h. Holzel (Austria), P. OHM (Germany), R. B. MiLLER, L. 
A. Stange, J. D. OSWAI.D (U.S.A.), and L. R. MiNTER. M. D. PiCKER and C. H. 
wScnOLTZ (wSouth Africa). The 1988 excursions that followed the Third Interna¬ 
tional Symposium on Neuropterology also yielded a significant list of Southern Af¬ 
rican Neuroptera (Mansell & ASPOCK 1990). 


SYSTEMATIC REVISIONS 

The main focal area that emanates from the Biodiversity audit is the docu- 
mentation of Southern African Neuroptera. The early literature on Conioptery- 
gidae, Sisyridae, Osmylidae, Berothidae, Psychopsidae, Chrysopidae, Hemerobii- 
dae and Nemopteridae was reviewed by TJEDER (1957, 1959, 1960, 1966, 1967), 
while Mansell (1985) discussed historical literature pertaining to Myrmeleon- 
tidae from the sub-region. Smitmers (1957, 1961) published two papers on local 
Sisyridae. TJEDER (1968, 1987, 1989, 1992) and Tjeder & Hansson (1992) sub- 
sequently presented additional information on Ascalaphidae, Rhachiberothidae 
and Coniopterygidae. 

Recent studies by ASPOCK and ASP()CK (1983, 1988(7,/;, 1990, 1996, 1997) 
(Berothidae, Rhachiberothidae), ASPOCK and MANSELL (1994) (Rhachiberothi¬ 
dae), ASPOCK and Nemeschkal (1998), HOLZEL (1987, 1989, 1990(7,/;, 1991, 1992, 
1993), Holzel and Ohm (2002) and Holzel et ai (1997) (Chrysopidae), MAN¬ 
SELL (1976, 1977, 1980, 1981(7,/;, 1985, 1987, 1988, 1990, 1992, 1996) (Nemo¬ 
pteridae, Myrmeleontidae), MANSELL and ASPOCK (1990) and MANSELL (2()()0) 
(species lists), Meinander (1972, 1975, 1983, 1998) and MONSERRAT (1998) 
(Coniopterygidae), MiNTER (1986) (l)ilaridae), OSWALD (1993, 1994) (Psycho¬ 
psidae) and Pk^KER (1984, 1987) (Nemopteridae) have contributed significantly to 
documenting the taxonomy and distribution of Southern African lacewings. 

Studies on Chrysopidae, Hemerobiidae, Coniopterygidae, Berothidae, Rha¬ 
chiberothidae, Myrmeleontidae, Ascalaphidae and Nemopteridae are ongoing, and 
have been elaborated by ASPOCK (2002). A catalogue of South African Neuroptera 
is available on a web site (http://www.ru.ac.zii/zoology/martin/insects.html), and 
this is to be expanded to include all sub-Saharan taxa. 
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LARVAL BIOLOGY AND ECOLOGY 

The immature stages of Southern African Neuroptera are poorly known. Only 
a few publications have included information on larval morphology and biology, 
and only the Crocinae (Nemopteridae) have been comprehensively studied (MAN¬ 
SELL 1976, 1977, 1980, 1981«,/?, Cross & Mansell 1978). One paper (Mansell 
1973) described a larva of Nemopterinae (Nemopteridae), while three include in¬ 
formation on Myrmeleontidae (MANSELL 1987, 1988, 1999). Henry (1979) pro- 
vided a detailed description of an unidentified larva of Ascalaphidae from Kwa- 
Zulu/Natal, and Chrysopidae have been detailed in two papers (Barnes 1975, 
HOLZEL et ai 1997). A description of the morphology and biology of an unidenti¬ 
fied mantispid (Mantispidae) was provided by BiSSETT and MORAN (1967), while 
Minter (1990) presented detaiis of the early stages of a species each of Bero- 
thidae, Rhachiberothidae and Mantispidae. The larvae of Southern African Conio- 
pterygidae, Sisyridae, Osmylidae, Hemerobiidae, and Psychopsidae have not yet 
been described, while very few larvae of the families Chrysopidae, Berothidae, 
Rhachiberothidae, Mantispidae, Nemopteridae and Ascalaphidae have been found. 
Extensive studies are being carried out on larvae of Myrmeleontidae by the author, 
and approximately 40 species have been discovered and reared. 

The larval stage of Neuroptera is of the longest duration in the life cycle, it is 
the main feeding stage and requirements are entirely different from those of the 
adult. A separate suite of parameters impact upon the evolution of larvae, and on 
the survival and distribution of species. It is consequently essential to investigate 
the larvae and their environmental requirements when considering the status and 
conservation of species. 

Larvae of lacewings are also frequently applied in biological control prog- 
rammes (Stelzl 8 l Devetak 1999) and Southern African species have consider- 
able potential in this regard, especially the Chrysopidae and Coniopterygidae, and 
Myrmeleontidae for the control of ants in orchards. 

Research on larvae is clearly a focal area that holds exciting potential for in- 
vestigation and application, and is regarded as a high priority. 


DISTRIBUTION PATTERNS AND PREDICTIVE MODELLING 

The geo-referenced locality data that are recorded in the database during the 
biodiversity audit are used to compile distribution patterns for species. This forms 
the basis of several applications that are fundamental to biodiversity studies and 
conservation strategies. This aspect of the lacewing Monitoring Programme is car- 
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ried oiit in collaboration with the Conservalion Planning Unit oflhe 13epartnienl of 
/oology and Entomology at the University of Pretoria. It is also a component of 
the wSA ISKS20()() progranime that is fiinded by the National Department of Arts, 
Culture, Science and Technology, through the Conservation Unit, headed by A. S. 
VAN JAARSVELD. 

The lacewing data are implemented in Geographical Information Systems 
(GIS) modelling procedures that are applied to address several issues. These in¬ 
clude predictive modelling for climate change scenarios (Hrasmus et al. 2000), 
identification of areas of species richness, endemicity and in reserve selection 
based on objeclive parameters (Freitag & MANSELL 1997). This is of fundamen- 
tal value to long-term ecological and conservation planning, and in sustainable de- 
velopment, and is of pailicular relevance to land-use planners and in environmen- 
tal impact assessments. These products again emphasise the value of long-term 
taxonomic research and collaboration on Southern African lacewings. 

CONSERVATION STATUS AND PROTECTIVE MEASURES 

The ultimate goal of accumulating specimens, associated data and the inte- 
gration and analysis of the information, is to monitor the status of lacewings to en- 
sure the conservation and survival of this rich and iinique Southern African heri- 
tage. The information obtained is used to model current protective measures, such 
as species that are protected within reserves (Freitag & Mansell 1997), and to 
identify areas that harbour vulnerable species, especially endemics, or areas that 
are particularly rich and in need of protection. 

Many Southern African species are rare, critically endangered or possibly ex- 
tinct, but their status must be established and protective measures implemented 
should populations be discovered. Critically endangered species include: Pamexis 
bifasciatus (Olivier), P. contamminatiis (HagEN), Exaetoleou ohtahilis (Perin- 
GUEY) (Myrmeleontidae), Sicyoptera dilatata (Klug), S. cuspidata Tjeder, Hat- 
terina pulchella (Peringuey) and H. purcelli (PERINGUEY) (Nemopteridae). All 
of these species are in the southwestern regions of the Western Cape Province, 
where habitat destruction is extensive. Single populations of P. contamminatiis, S. 
dilatata and S. cuspidata have recently been discovered by R. D. Stepiien, J. B. 
Ball and M. W. MANSELL, and the status of these will be monitored by revisiting 
the sites and informing land owners of their vulnerable presence. 
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CONCLUSIONS 

Information emanating from this programme will contribute to knowledge of 
the biodiversity and ultimate conservation of the rich, but vulnerable fauna of 
Neuroptera of Southern Africa. It is also intended to produce marketable products 
in the form of comprehensive data-sets and tools (databases and GIS modeis) that 
can be applied in fuither research, objective decision making and land-use plan- 
ning. These demand-driven applications emphasise the relevance of biological 
collections and taxonomic research, and ensure the viability of such endeavours. It 
also highlights the value of collaborative and co-ordinated research, where limited 
resources and effort are focussed towards specific goals. 
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vSoulhern Africa harbours 42 of ihc 88 known spccics of Palparini (Insecta: Nciiroptcra: 
Myrmclcontidac). Twciity-ninc of the 42 spccics arc endemie to the wcstcrn paris of the subre- 
gion, incliiding Namibia, Botswana, ihc Wcstcrn, Northern and Easlcrn Cape, and North-Wcsl 
Provinces of South Africa. Geographica! Information Systems analyscs and elimate change 
modeis have been iiscd lo rcvcal possiblc rcasons for the high diversity and Icvcis of endemism 
of Palparini in Southern Africa. The analyscs have indicated ihal elimate, and the conscquenl 
rich variely of vcgclation and soil lypes, have been the driving forces bchind Southern Africa 
bcing a major cvolutionary centre for palparines and other Nciiroptcra. 

Kcy words: Nctiroplcra, Myrmclcontidac, Palparini, Southern Africa, biomes, Gcographical 
Information Systems 


INTRODUCTION 

The varied biomes of Southern Africa have engenderecl a proliferalion of 
lacewings (Insecta: Neuroplera). The subregion is a major evolutionary centre for 
Neuroptera, with many taxa being endemie to the countries soiith of the Ciinene 
and Zambezi rivers. Twelve of the world\s 17 families of lacewings are repre- 
sented in South Africa, which has exceptionally rich faunas of the xerophilous 
Myrmeleontidae (antlions) and Nemopteridae (thread- and ribbon-winged lace¬ 
wings). More than half of the world’s known species of Nemopteridae occur in the 
Western and Northern Cape Provinces of South Africa, while the great antlion 
tribe Palparini attains its highest level of diversity in the subregion, with 42 species 
being present (Table 1). This represents 48% of the total number (88) of valid spe¬ 
cies in the tribe. 

This rich variety, and the potentially detrimental effects of climate change on 
the fauna of Southern Africa, is currently being investigated by Geographical In¬ 
formation Systems (GIS) analysis. In the process of modelling the known and po- 
tential distributions of Palparini in South Africa, it became evident that parameters 
other than climate also determined the distribution of species on the subcontinent. 
One of these is the influence of piant morphology on the morphology of adult 
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Palparini. This antlion tribe includes the largest species in the family and, conse- 
quently, the largest larvae (Fig. 1). A large larva enables these specialist predators 
to exploit a wide range of prey, but it also jeopardises the safety of the conspicu- 
ously large adults. Their great size renders them vulnerable to predators, and 
palparines have consequently evol ved elaborately pattemed wings to enhance their 


Table 1. The Palparini of Southern Africa, indicating their affiliation to the Western or eastern faunal 

componcnts of the subrcgion 


Western species 

1. Cramhomorphus sinuatus {Ov.xyXER, 1811) 

2. C sp. n. 1 (Kalahari) 

3. C. sp. n. 2 (Namibia) 

4. Golafrus oneili (PERINGUEY, 1911) 

5. Palpares anmdatus ^T\TZ, 1912 

6. P. campanai Navas, 1915 

7. P. elegantuliis PERINGVEY, 1910 

8. P. gratiosus NavaS, 1929 

9. P. immensus McLacHLAN, 1867 

10. P. PERINGUEY, 1910 

W. P. speciosus {Unnaevs, 1758) 

12. P. sp. n. 1 (Gobabeb) 

13. P. sp. n. 2 (Pofadder) 

14. P. sp. n. 3 (Elefantenbcrg) 

15. Palpare Ilus damarens is {McLachl AN, 1867) 

16. P. dubiosus {PeringVEY, 1910) 

17. P. Jlavofasciatus {McLacHLAN, 1867) 

18. P. ovampoanus {PeringVEY, 1910) 

19. P. pulchellus {ESBEN-PETERSEN, 1922) 

20. P. ulrike MansELL, 1996 

21. Pamares damarus MANSELL, 1990 

22. P. deni MANSELL, 1990 

23. P. nephele MANSELL, 1990 

24. P. pannis MANSELL, 1990 

25. Pamexis hifasciatiis (OLIVIER, 1811) 

26. P. contamminatus {Hagen, 1887) 

27. P. karoo MANSELL, 1992 

28. P. (THUNBERG, 1784) 

29. P. namaqua MANSELL, 1992 


Eastern species 

1. Lachlatlietes moestus (Hagen, 1853) 

2. Palpares caffer {EURMEI^TER, 1839) 

3. P. cataractae PERINGUEY, 1910 

4. P. inclemens (Walker, 1853) 

5. P. kalaliariensis Stitz, 1912 

6. P. lentus NAVAS, 1912 

7. P. sobrinus PERINGUEY, 1911 

8. P. sparsus McLacHLAN, 1867 

9. P. torridus Navas, 1912 

10. P. tristis Hagen, 1853 

11. Palparellus nyassanus (Navas, 1911) 

12. P. festivus (GersTAECKER, 1894) 

13. Tornat ares c it rimis (HaGEN, 1853) 
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camoLinage. In many species these patterns mimic the dominant plani species 
wilhin Ihe biomes in which Ihe anllions occur. This in lurn restricts Palparini lo the 
biomes Ihat inlluenced Iheir evolutionary adaptations. Each palparine species in 
Southern Africa has a closely related sister-species that occurs in a different biome, 
and Ihey are seldom sympatric. Examples of these species complexes and iheir 
morphological adaptations are discussed here to supporl the camoullage hypothe- 
sis, and to explain the high diversity of Palparini in Southern Africa. 




Figs 1-3. 1 = Larva oiGolafrus oneili (PERINGUEY), length 35 mm; 2 = Pamexis luteus (TUUNBFIRG), 
wing length 30 mm; 3 = P. karoo Manshll, length 32 mm. (Photographs - 1: A. S. SCIIOEMAN; oth- 

ers: M. W. MANSHLL) 
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MATERIAL AND METHODS 

The geo-refcrenccd locality data upon which the GIS analyses are based, were drawn from the 
“Palpares Relational Database” (Mansell & Kenyon 2002). This database includes locality data 
from specimens in the South African National Collcction, Pretoria (SANC) and other collections 
world-wide. The analyses were carried out by means of a model that provides a spatially explicit set 
of probabilities of occurrence values for each species (Erasmus et al. 2000). This model was used to 
derive predicted distributions of antlion species based on validatcd records, and to generate cli- 
mate-effected distribution patterns for these species under a possible climate change scenario of in- 
creasing temperatures. Recorded distributions were plotted to quarter degree grid cells (approx. 
25x25 km), to which the model interpolated potential records based on climate data. These data were 
the mcan minimum temperature of the coldest month and the mean maximum temperature of the 
warmest month for each grid cell, as well as the mean annual rainfall and precipitation seasonality. 
The latter is a joint measure rellecting when precipitation occurs, as well as the amount recorded 
(Erasmus et ciL 2000). 

In addition to the climate modelling procedure, recorded distributions were also superimposed 
on a map of the biomes of South Africa to determine whether biotic as well as climatic factors intlu- 
enced the distribution of Palparini. Dataderived from such modcls are ultimately used to highlight ar¬ 
cas of cndcmicity, species richness and to identify rare and endangered taxa wilh a vicw to providing 
objcctive criteria for selcction of conservation arcas and land-usc planning. 

Thrcc species-pairs were seicctcd for comparison: Pamexis luteus (Thunberg) and Pamexis 
kciroo Mansell, Palparellus pulchellus (Esben-Petersen) and Palparellus ulrike MANSELL, and 
Palpares caffer (Burmeister) and Palpares speciosus (LlNNAEUS). They were idcntificd as their dis¬ 
tributions are well known, and bccause each species is rcstricted to a specific biome. 


RESULTS AND DISCUSSION 

Pamexis luteus (Eigs 2, 8) - This species is limited to the Fynbos biome (see 
Rebelo 1996) in the south of the Western Cape Province. In li ving specimens the 
forewings are yellowish-green (fading to yellow in preserved material) with fine 
dense brown maculation. 

Pamexis karoo (Eigs 3, 9) - Is the sister-species of P. luteus and their distri- 
butions abut in the Hex River Valley area (33.29°S 19.36°E) of the Western Cape 
Province. Pamexis karoo inhabits the Nama Karoo biome (see HOFFMAN 1996), 
extending from Ceres (33.22°S 19.19°E) in the west to Fort Brown (33.08°S 
26.38°E) in the east. It is similar to P. luteus, biit the brown maculation in the fore¬ 
wings is larger and less dense than in P. luteus. Both P. luteus and P. karoo are di- 
Lirnal and are not attracted to light. When tluslied, they By rapidly and use wind 
CLirrents as an evasion strategy. The shoit broad wings are an adaptation to rapid 
and erratic Bight in these day-flying species. When inactive they rest in vegetation 
where the patterns on the closed wings provide camouflage in the dappled shade 
afforded by the small-leafed fynbos or karoo {Pentzia sp.) vegetation. 
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Pcilparelliis pulchellus (Figs 4, 10) - This species is endemic to the Upper 
and Great Nama Karoo biomes (see HOFFMAN 1996) and is sympatric with Fame- 
xis karoo for much of its range. The wing coloration and patterns are similar in Ihe 
Iwo species, and they frequently occur in the same habitat in association with 
Pentzia bushes. 



Figs 4-7. 4 = Palparellus pulchellus (Esben-Pfthrsfn), wing lenglh 52 mm; 5 = P. ulrike 
Mansell, wing length 55 mm; 6 = Palpares caffer (BURMHISTER), length 65 mm; 1 = P. speciosus 
(Linnaeus), length 66 mm. (Photographs - 6: M. J. SamwayS; others: M. W. MANSELL) 
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Figs 8-13. Recorded distributions of Palparini in Southern Africa: 8 = Pamexis luteus (Thunberg); 
9 = P. karoo MansELL; 10 = Palparellus pulchellus (ESBEN- Petersen); 11 = P. ulrike Mansell; 
12 = Palpares caffer (BurMEISTER); 13 = P. speciosus (LiNNAEUS) 
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Palparelliis ulhke (Figs 5, 1 1) - This species is similar to Palparellus pul¬ 
chellus (see Mansell 1996), and the two are clearly sister species. The forewings 
of Palparellus ulrike are, however more sparsely marked than those of P. pulchel¬ 
lus. It occLirs in the Biishman Nama Karoo biome (HOFFMAN 1996) and noi1h- 
wards into Namibia. Both P. pulchellus and P. ulrike are attracted to light and rest 
concealed amongst vegetation during the day. 

Palpares caffer (Figs 6, 12) - This species is widespread in the eastern parts 
of Southern Africa, and is essentially a species of the Grassland biome (see LUBKF 
et al. I996), although it also occurs in grassland of the wSavanna biome. P. caffer 
has sparsely marked forewings and is nocturnal, resting in long grass during the 
day. This is the oniy palparine that inhabits the high altitude grasslands of Southern 
Africa. 

Palpares speciosus (Figs 7, 13) - Was the first palparine to be described from 
Africa, and it replaces P. caffer in the Fynbos and Nama Karoo biomes (see RfbF- 
LO 1996, FIoffman I996), from approximately Grahamstown (33.18°S 26.32°E) 
westwards. As in the Pamexis species and Palparellus pulchellus the forewings are 
maculate, an adaptation to the dappled shade provided by the fine-leafed plants of 
the Fynbos and Nama Karoo biomes. 

Distrihution of Myrmeleontidae 

The climate of Southern Africa is characterised by increasing aridity from 
east to West on the subcontinent (Fig. 14), and this has a profound influence on the 
distrihution of Neuroptera and other insects in the subregion. Southern African 
Myrmeleontidae manifest three main distributional trends (Mansfll I990). 
There is an eastern faunal component, a Western fauna, and a third component 
comprising a limited number of widespread species. The eastern component is 
dominated by species that are widespread in Africa, while there is a rich xero- 
philous element that inhabits the drier Western parts of the subregion, where the an- 
nual rainfall is generally less than 500 millimetres per annum. This Western fauna 
is characterised by a high level of endemism, and inhabits Botswana, Namibia and 
the Western Cape, Northern Cape, Eastern Cape, and North-West Provinces of 
South Africa. Of the 42 species of Palparini in Southern Africa, 29 occur in the 
West, while onIy 13 inhabit the eastern side of the subcontinent (Table l), and ali 
but four of the Western species are endemic to the subregion. Palparellus flavofas- 
ciatus (McLachlan), p. ovampoanus (PfringUFY), P. damarensis (McLachlan) 
and Palpares immensus McLachlan, also extend into Southern Angola. 

During GIS analyses a modei was developed (Erasmus et al. 2000) to indi¬ 
cate potential areas of distribution based on the climatic conditions in which the 
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various species were know to occur. This revealed several areas where the climate 
was suitable for colonisation by a particular species, but in which that species did 
not occur. It consequently became apparent that, although climate was important, 
it was not the only parameter that determined species distribution. When the re- 
corded distributions of endemic species were superimposed on a map of the 
biomes of South Africa (Low & Rebelo 1996) it became apparent that most spe¬ 
cies were associated with specific areas and vegetation types. This trend is clearly 
manifest in the six species considered here. The general similarity in wing patterns 
of four species, Parnexis luteus, P. karoo, Palparellus pulchellus and Palpares 
speciosus, also show a striking convergence in adapting to life in the Fynbos and 
Nama Karoo biomes. 

The increasing aridity in the west of the subregion results in the availability 
of large tracts of sand and exposed soil that are conducive to the large sand-dwelling 
larvae of Palparini. The Western regions of Southern Africa also include widely dif- 



Fig. 14. Southern Africa with average rainfall pattern in mm. Abbreviations: B = Beaufort West, C = 
Cape Town, D = Durban, G = Gaborone; H = Harare, K = Keetmanshoop, M A = Maun, M = Messina, 
PE = Fort Elizabeth, P = Pretoria, U = Upington, WB = Walvis Bay, W = Windhoek 
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fering biomes, incliiding Descrt, Nama Karoo, Succulent Karoo, Savanna and 
Fynbos (LOW & REBELLO 1996). The combination of these physical and biolic 
features, together wilh their associated topography and related Horas, has provided 
numeroiis niches in which Palparini couid evolve. 

wSouthern Africa is also dominated by “open” biomes including Savanna, 
Cirassland, Nama and Succulent Karoo and Desert, where trees and shrubs are ei- 
Iher absent, sparse or low-growing. Only a very small part of South Africa is cov- 
ered by Forest or Thicket biomes, which are not favoured by Myrmeleontidae, and 
Palparini in paiticular. There are consequently vast areas of Southern Africa that 
are conduci ve to habitation by Palparini. 


CONCLUSIONS 

Southern Africa has a rich fauna of Neuroptera, with high levels of endemism. 
It is also the area with the workPs greatest numbers of Palparini (Myrmeleontidae) 
and Nemopteridae. Reasons for this richness are continually being sought, espe- 
cially with regard to identifying objective criteria for conservation measures and 
reserve selection. Modern computer technology and advanced Software programmes 
have placed powerful database and analytical tools in the hands of biologists. 
These enable scientists to gather, collate and analyse data, and to apply the prod- 
ucts in sustainable environmental planning and innovative research. 

The comprehensive data set generated by the Southern African Lacewing 
Monitoring Programme (Mansell 2002) has been especially valuable in contrib- 
iiting to the development of analytical procedures and the database modei 
(Freitag & Manseli. 1997, Erasmus et ai 2000, Mansell & Kenyon 2002). 
These procedures also hold inherent heuristic value, as they frequently reveal rea¬ 
sons for phenomena other than those they are modelled to analyse. In the present 
study, climate alone couid not account for the distributions of Palparini, which led 
to the notion that vegetation and soil types couid also be a major inHuence. The 
striking congruence between recognised piant biomes and palparine distributions 
strongly support this hypothesis. 

In the case of Nemopteridae, whose adults are specialised pollinators, such 
an association is obvious, but in Palparini where both larvae and adults are preda- 
cious the explanation was not as ciear. The present contribution highlights another 
aspect of insect/plant relationships, camouflage, which is quite independent of the 
usual pollination or host dependence. It emphasises the close evolutionary associa¬ 
tion between insects and plants in the Western regions of Southern Africa, and the 
need for a holistic approach to ecosystem study and conservation. 
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THE PALPARES RELATIONAL DATABASE: 

AN INTEGRATED MODEL EOR LACEWING RESEARCH 
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The Palpares Relational Database has beeii designed for the Southern African Lacewing Mon- 
iloring Programme, lo address the limitations of conventional datahases and filing systems. 
The model has also been expanded to other eolleetions and taxa. The application was devel- 
oped in Microsoft Access®, and comprises Tablcs, Forms, Qiierics and Reports that acciiinii- 
late and integrate data on Spccimcns, Taxonoiny, Localities, Literature, Institutions, Type 
data, and Collectors and Authors. The model provides synchronised access to comprehensive 
data across multiple platforms, for potcntial use in many applications and produets. These in¬ 
clude publications, gcographical information systems analysis, faunal inventories, environ- 
mcntal impact asscssmcnts, compilation ofcatalogucs, bibliographics, and data on Neuroptera 
as biological control agents, as wcll as being an invaluable resource for taxonomic rcscarch. 

Key words: Relational database, specimen data, taxonomy, localities, bibliography, institutions 


INTRODUCTION 

Vast amoiint,s of specimen-relatcd data are incarcerated in biological collec- 
tions throughout the world, but it is difficiilt to access these records and to associ¬ 
ate specimens with other pcilinent information. Collections data are fundamental 
to many modern applications, research programmes, decision-making processes 
and produets, ali of which accentuate the relevance of biological holdings and tax¬ 
onomic research. It is consequently imperative that these data and related informa¬ 
tion be easily accessible to the scientific community for wider application. 

Labeis usually provide detaiis of locality, date and collector, but seldom re- 
Hect host associations, ecology or geo-references. Neither do specimen labeis pro¬ 
vide access to literature and taxonomy or detaiis of type specimens and deposito- 
ries. wSpecimen data in accession registers, card files, catalogues and taxonomic pa- 
pers are merely lists that do not facilitate rapid retrieval or integration across multi¬ 
ple information sources. These conventional systems are also limited, as they 
cannot accommodate large data sets or the burgeoning accrual of biological infor¬ 
mation. 
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The advent of computerisation and electronic storage did not resolve these 
constraints as mainframe computers were not generally accessible, and required 
expert programmers to run even the most elementary procedures. Personal com- 
puters were initially unable to provide a solution either, as they were limited by the 
lack of suitable Software programmes. Many products were developed and mar- 
keted as database programmes, but they were incapable of integrating large sets of 
data from numerous databases. These constraints have now been addressed by the 
relational database model that is based on concepts from a branch of mathematics 
known as relational algebra (CODD 1970). This model is a paiticular way of stmc- 
turing and processing a database (Kroenke 1995) to effect maximum efficiency 
in data storage and retrieval. Many database management systems have conse- 
quently been developed, including Microsoft Access®, that enable scientists and 
business people to develop applications to accumulate, collate and manipulate data 
in an unprecedented manner. 

Microsoft Access® has been used to design and produce database applica¬ 
tions that electronically document information in biological collections. The 
model described here, the PALPARES RELATIONAL DATABASE, was specifically de¬ 
veloped to gather and integrate data on specimens of Neuropteroidea, and to com- 
bine all peilinent information relating to Afrotropical Neuroptera into one source, 
especially with regard to the Southern African Lacewing Monitoring Programme 
(Mansell 2002). This relational database application has also been applied to 
other regional faunas and widely disparate taxa, and is the model used to document 
the holdings of the South African National Collection of Insects in Pretoria. 


RATIONALE 

The relational database concept is based on a two-dimensional table 
(Kroenke 1995). Each row holds data that peitain to some tangible entity (e.g. 
specimen, locality, reference), and is referred to as a record. No records (rows) 
shoLild be duplicated and each entity requires a separate table. Columns (also re¬ 
ferred to as fields) contain related data pertaining to attributes of the entity (e.g. 
name, collection date, locality), and each column has a unique value and name. 
The resultant cells formed by the rows and columns must be single-valued, and the 
consequent relationship between the row, column and cell ensures that each cell in 
a relational table contains unique information. The relational tables are structured 
in sLich a way as to reflect as much information as possible about each entity, 
thereby providing a record with unique values. These unique values ensure maxi¬ 
mum efficiency of data storage, integration and retrieval, and prevent duplication. 
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Data are stored in Ihe relational tables, each of which is a discrete database com- 
prising related data. The data in a table are not repeated in other tables except for 
the fields that link the tables to each other to facilitate data integration and retrieval 
across multiple tables. Each table should have a key field that identifies the entity 
of that table (e.g. a genus and species combination defines the Species taxonomy 
table) and duplicates should not be permitted This facilitates efficient information 
retrieval and the integrity of data. 


DESIGN 

A relational database management system (RDBMS) provides tools for the 
development of applications, and the resultant model usually consists of Tables, 
Forms, Queries, Macros, Reports and Modules. The PALPARES RELATIONAL DA¬ 
TABASE application comprises the following tables: Specimen data. Species taxon¬ 
omy, Genus taxonomy, Localities, Bibliography, Institutions and Persons, in 
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■ JffTxl 

||rg| Rie Edit View Insert Format Records lools Window Help 



-|g|x| 

llM * 1 H 1 ® a 1 X % e ^ i 1««P! lUi 1 ll '^i M 



LOCALITY DNyala Nature Reserve 

J 




Locality DetaiI j Specimens at Locality | Species at Locality | 


REGION: 

PROVINCE: 

COUMIRY: 

LATITUDE: 

ALTTTUDE: 

AREA 

DISTRJCT: 

BIOME: 

Notes: 


Dnyala Nature Reserve 


North-West Province 

J 


Desert 

Forest 
Fynbos 
Grassiand 
Nama Karoo 


Biome as indicated in RuthSTOfTOWSSCraiTT^BE" 


South Africa 




23.45S 


|27.49E 


850 QiUAKTtRDEG]2327Db 


20 km SE Ellisras 


Ellisras 


1} 


Record: 



zi 


T| r T 


Fig. 1. The Localities forni, to illustrate the use of the glide-down menu for Biomes 
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^ Microsoft Access - [SPECIMEN RECORDS : Form] 


mmEi 

jjElI File Edit View Insert 

Format Records Tools Window Help 


^X] 

JM-y 

Ite e p -' 'ii 

|©=uni 



SPECIMEN RECORDS 


1 


Specimen Detaiis | Collection Details j Type Materia! | _ _ 

Species ||PamexiTlcaiiooBBB^Br^ Institute | um. 3 AccNumber: 

Determiner | |Mansell De^ -lnit: |MW Det.-Year: j1992 AltNumber; j57B3 

Locality | EBBBl^^CSESmBBKZI BeginOate; ESEEEEESU EndDate: j 


Male: | 0 Larvae: 

Female: | T" Cocoon: 

Unsexed: I 0 Photo: 


0 Pinned: 
0 Slide: 
0 Alcohol: 


Collectori | \ 
Collector2 | f 
CollectorS | P 


m ColIMnit: f 

▼ I Coll2-lnit: f 

“TJ Coll3-lnit: f 


Publication: | |3814 


Type Status ? 


r~ No 

Yes 


DateEntered; 24/11/1996 


Recent Data 
Entered 


Record: I H| T ► I ►! !►»! of 2230 < I 

Fig. 2. The Specimen data form, to illustrate the various components of a data-entry form 



^ Microsoft Access - [Opening form] 


mm¥2 

'KeI File Edit View Insert Format Records lools Window Help 


^X) 

:lM • ; Hii # a y- i S te e. # 1 j 4 ! 


M « i B Iffl. 1 15 1” 

5ave| 


, 1 


PALPARIS 

RiLATieNAL DATAIASl 

Developed by Mervyn Mansell and Brian Kenyon 

Incorporating the Neuropterida Bibliography 
compiled by John D. Oswald 

lOpen Database windQwj 

Dalabase Instiuctions I Definition I 


Specimen 

Taxonomy 

Localities 


Genus Detaiis 


Bibliography 

Institute 


Persons 


Queries Menu 


il _ 

pRorm View 


This database, or any pari thereof, may not be distributed or sold beyond the Piant 
Protection Research Institute withoutthe written permission ofthe developers 
vre h m wm @ p I antS. ag ri c. z a 



Fig. 3. Opening page of the Palpares Relational Database, to illustrate the command buttons for open- 

ing the constituent database forms 
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'rahle 1. The ficlcls and format of the Specimen data table of the Palpares Relational Database 

Field Name Data Type Control Type Description 

(Field) 

Genus & Species Text Combo Box 


Accession Number 

Text 

Text Box 

Alternate Number 

Text 

Text Box 

Determiner 

Text 

Combo Box 

Determiner Initials 

Text 

Text Box 

Year of Determination 

Number 

Text Box 

Institute 

Text 

Combo Box 

Locality 

Text 

Combo Box 

Begin Date 

Date/Time 

Text Box 

End Date 

Date/Time 

Text Box 

Males Pinned 

Number 

Text Box 

Females Pinned 

Number 

Text Box 

Unsexed Pinned 

Number 

Text Box 

Total Pinned 

Number 

Text Box 

Larvae 

Number 

Text Box 

Cocoons 

Number 

Text Box 

Slides 

Number 

Text Box 

Alcohol Material 

Number 

Text Box 

Card Points 

Number 

Text Box 

Capsules 

Number 

Text Box 

Photographs 

Number 

Text Box 

Genitalia in capsules 

Y/N 

Check Box 

Collectori 

Text 

Combo Box 


Valid genus and species, linked to Farm: 
Species taxonomy 

Key Field - Unique Accession Number 
e.g. Field number, collection code, origi- 
nal accession 

Most recent determiner, linked to Farm: 
Fersons 

Initials of determiner, automatically up- 
dated 

Year in which specimen/s were deter- 
mined 

Name of depository, linked to Fonn: In¬ 
stitute 

Name of locality, linked to Fonn: Local- 
ity 

Date on which specimen/s were collected 

Last date, if specimen/s were collected 
over a time-span 

Number of males pinned or micro-pinned 

Number of females pinned or mi¬ 
cro-pinned 

Number of unsexed specimens pinned or 
micro-pinned 

Total specimens pinned or micro-pinned 
Number of larvae 
Number of Cocoons 
Number of slides 

Number of specimens in alcohol - not rec- 
ommended ! 

Number of specimens on card points - not 
recommended ! 

Number of specimens in gclatine capsules 

Photograph/s of specimen/s- can be 
hyperlinked 

Records whether dissected genitalia are 
associated 

Collector of specimen/s, linked to Fonn: 
Fersons 
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Table 1 (continued) 

Field Name 

Data Type 

Control Type 
(Field) 

Description 

Collectori Initials 

Text 

Text Box 

Initials of collector, automatically up- 
datcd 

Collector2 

Text 

Combo Box 

Second collector of spccimen/s, linked to 
Forni: Persons 

Collector2 Initials 

Text 

Text Box 

Initials of second collector, automatically 
updatcd 

Collector3 

Text 

Text Box 

Third collector of specimcn/s, linked to 
Fonn: Persons 

CoIlector3 Initials 

Text 

Text Box 

Initials of third collector, automatically 
updatcd 

Habitat 

Text 

Text Box 

Habitat, linked to Lookup Tahle; Habitats 

Collcction Methoci 

Text 

Text Box 

Method of collection, linked to Lookup 
Tahle: Methods 

Publication 

Text 

Number 

Publication pertinent to specimen/s, 
linked to Fonn: Bibliography 

Date Entered 

Date/Time 

Text Box 

Date on which entry was made, automati¬ 
cally updated 

Recent Data Entered 

Query 

Command 

Button 

Command button to run query on entries 
sincc specified date 

Specimen Notes 

Memo 

Memo Field 

Additional notes pcrtaining to specimens 

Type Status 

Y/N 

Check Box 

Indicates whether specimcn/s have type 
status 

Primary Type 

Text 

Combo Box 

Indicates whether specimcn/s include a 
primary type 

Sex of PT 


Toggle Button 

Indicates sex of primary type 

Secondary Type 

Text 

Combo Box 

Indicates whether specimen/s include sec¬ 
ondary types 

Sex of ST 


Toggle Button 

Indicates sex and number of Secondary 
type/s 

Original Name ofType 

Text 

Combo Box 

Original name of type, linked to Fonn: 
Species taxonomy ' 

Type Number 

Text 

Text Box 

Catalogue number of type 

Type Notes 

Memo 

Memo Field 

Additional notes pertaining to type speci¬ 
mens 
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which incremental data are stored, edited and cross-referenced to olher tables. As 
an examplc, Table 1 provides a list of the fields currently included in the Specimen 
data table, with an indication of the linkages to other tables (in italics). Specimen 
data is the core table that is supported by information from the other tables, al- 
thoiigh each of these is a fiinctional database that, in turn, is linked to the other ta¬ 
bles. There are also static tables that include only one or two fields to provide de- 
tails for the glide-down menus in forms (Fig. 1). 

Data are entered into tables throiigh specially designed forms that function as 
an interface between data input personnel and the tables. Each form includes the 
fields from its underlying table, and consists of an electronic page that can com- 
prise one or more tab Controls (Fig. 2). The forms, and consequently their underly¬ 
ing tables, are linked to other forms by command buttons and glide-down menus, 
making it possible to move between forms by simply clicking a button. 

Queries are structured to question the data in the tables, and are programmed 
to retrieve and correlate data from single or multiple tables to answer specific ques- 
tions. The structure of the queries is fundamental to the design of a database, and 
consideration shoiild continually be given to the nature of the questions that the da¬ 
tabase would be expected to provide. Queries can also be used to facilitate the ma- 
nipulation of data, and in the compilation of the database. 

Reports are drawn from the data and structured into a variety of publishable 
formats, for example, lists of publications. Macros and modules are used in the de¬ 
sign process, and are essentially the programming languages of the database. 

The PALPARES R1:laimonal DATABASE is designed to provide a user-friendly 
interface that is self-describing and requires minimal computer skills to operate. 
This is to ensure that large amounts of data can be entered without prerequisite 
knowledge of a specific taxon, or a background in database modelling and philoso- 
phy. Because of the nature of relational databases, potentially repetitive informa¬ 
tion need only be entered once. It is then accessed by data input personnel through 
glide-down menus and Controls (fields) on forms that automatically suggest words 
after a few keystrokes. This facility protects the integrity (correctness) of data and 
prevents duplication, unnecessary keystrokes and variant spelling. 


PROCHDURE 

The database is opened via an icon on the screen desktop of a personal com¬ 
puter. This accesses the opening form (Fig. 3) that provides access to all forms 
through a series of command buttons arranged as a switchboard. By clicking the 
button displaying the name of a form, the form will be opened and data input can 
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commence. This stage is reached by only two clicks of a mouse button, ensuring 
maximum efficiency. 

Input usually commences by opening the ^Specimen data form (Fig. 2) and 
entering information about a specimen (or batch of identical specimens) into the 
relevant Controls (fields). If data (e.g. species names, localities) are already avail- 
able in the other forms (Species taxonomy, Localities), these details are accessed 
and entered through the glide-down menus activated by clicking the down arrow 
on the control. Details of that entry can then also be viewed and edited by clicking 
the command button associated with that specific control. This opens the relevant 
form. For example: the genus and species can be entered into a blank field by typ- 
ing the first few letters of the name. If the name is already in the Species taxonomy 
table, it will be automatically entered from that linked source. Alternatively, the 
down arrow on the control can be clicked to activate the glide-down list of species 
names, and the relevant name can be entered by highlighting it and double-clicking 
a mouse button. The name is then inserted in its correct form. All taxonomic details 
of that species can be viewed and edited by clicking the command button that 
opens the form. 

Table 1 provides a list of fields in the Specimen data table, together with data 
and field types, and an indication of which fields are linked to a common field in 
another form. The linkage is activated through a combo box (combining data from 
another table) or a command button. Each of the other tables is similarly structured 
with a key field that links it in a one-to-many relationship with the other tables. 

The forms can also include sub-forms that are placed under the tab Controls to 
provide additional related information. The sub-forms are usually based on a query 
that is activated by clicking on the tab of the tab control. For example: the Local¬ 
ities database includes sub-forms that, when activated, provide a list of all species 
and specimens recorded from a specific locality. This is based on a query that fil- 
ters all records of specimens in the Specimen data table from that locality. 

The Bibliography table (and form) includes the Neuropterida database com- 
piled by OSWALD (1998), and currently comprises 9143 literature records that are 
linked, through a unique number, to other forms. 

Similarly, data in other tables and forms are derived from cunently available 
soLirces. Data in the Localities table is derived from existing gazetteers such as Ihe 
National Imagery and Mapping Agency (NIMA) database (www.nima.mil), 1:250 
topographical maps, regional gazetteers, atlases and geographical positioning Sys¬ 
tems (GPS). Information in the Species and Genera taxonomy tables is derived 
from published taxonomic literature. 

Additional features include command buttons on forms that run queries asso¬ 
ciated with that form. For example, a command button on the Persons form runs a 


Acta zool. hunfi. 4H (Suppi 2), 2002 



THE PALPAREiS RELATIONAl. DATAIiASE: AN INTEC.RATED MODEl. EOR RESEARCEE 


193 


qiieiy that will lisl ihc piiblications by specirieci aiithois that are in Ihe Bibliogia- 
phy. Likewise, it is possible to view all recent entiies in a table by activating a 
qucE y Ihioiigh a coEiiniand button and entci ing a slai t date. 

Each field in a table and, conseqiiently a foiEii, is self-desciibing in that the 
doniain (desci iption of foiniat) of the field\s attributes is specified when compiling 
the table. Fiiithei Eiiore, each field is labelled, and includes a contiol tip - a line of 
text that indicates how data shoiild be entered. This featiiEe is activated when the 
Eiioiise pointei* is used to indicate a paiticular contiol. 

In conipiliEig a database, it is important for a specialist to provide the taxon- 
omy, localities, institutions and persons data, to ensiire its accuracy and prevent ei- 
Eors by inexperienced data inpiit personnel. 


ADVANTAGES OFTHE RELATIONAE DATABASE MODEL 

The I^ALPARES KEI.ATIONAL DATABASE and similar models provide nimier- 
ous advantages over conventional systems, including: 

- The application ensiires complete integration of data and simultaneoiis ac- 
cess to multiple sets of data. 

- It piovides flexibility, in that the design can be modified and expanded at 
any time without recourse to database programmers. 

- The database co-ordinator has complete controi over the system at all 
times. 

- Mici osoft Access® is the state-of-the-art relational database management 
system, and any futiiie developments will have to accommodate applica- 
tions derived from it. Data will conseqiiently not become inaccessible in 
an obsolete system. 

- The development Software will accommodate upgrades. 

- Time consuming entry of duplicate data is eliminated. Potentially repeti- 
tive information is only entered once, and many records can be iipdated 
{c.g. in the event of name changes or errors) by modifying a single enti y. 

- Data are logically consistent as a resuit of the referentiai integrity facility. 

- The model can operate on personal computers as well as in multi-iiser net- 
work environments. 
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FUNCTIONS OF THE PALPARES RELATIONAL DATABASE 

APPLICATION 

AlthoLigh Ihis application had been specifically developed forNeuropteroidea, 
it can be adapted to any group of biological organisms. It is designed to accomplish, 
aniong others, the following functions: 

- Acciimulation, electronic storage and integration of all inforniation per- 
taining to Neuropteroidea; 

- CoiTipilation of electronic archives of specimen data to provide a virtual 
duplicate resource as insurance against loss of specimens or destruction of 
the collection; 

- Rapid access to specimen data via internet and other electronic pathways; 

- Cross-referencing the specimen data to information on taxonomy, type 
specimens and depositories, literature, localities, distribution, phenology, 
collectors, authors and economic applications; 

- Design of queries based on the above data-sets provide rapid retrieval of 
information {e.g. specimens and species per locality, depository or collec¬ 
tor; compilation of fauncil lists, bibliographies, type depositories; updating 
data-sets with external data by append queries; modification of data-sets 
with Lipdate queries). 

- Incorporation of graphics affords illustrations of specimens, type speci¬ 
mens, localities, persons and museums; 

- Instant access to information in linked objects through command buttons, 
glide-down menus, tab Controls and sub-forms; 

— Large amounts of related data are immediately accessible through these fa- 
cilities. 


CONCLUSIONS 

Modern computer and Software technology have placed powerful archiving 
and analytical tools in the hands of biologists. Biological data can now be accrued, 
co-ordinated, disseminated and applied as never before. Electronic relational data- 
base management systems have provided a vehicle for the development of increas- 
ingly significant products, that emphasise the infinite value and relevance of bio¬ 
logical collections and taxonomic research. Eor the first time in over 250 years of 
taxonomic research biologists are able to gather and collate data from over two 
centuries, and from multiple sources, into singie access and retrieval applications. 
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Instead of lying fallow in coiinlless collections and oiilmoded filing systenis 
because of Iheir inaccessibilily, biological data now have the potential to beconie a 
living resource. This will, however, require a revision of established mind-sets 
where, even now, sucli data are zealously giiarded. In future, any collections whose 
data are not electronically accessible, and shared, will rapidly become irrelevant. 
IJnprocessed specimen data in collections is not intellectual property, but only be¬ 
come such once value has been added to them through their inclusion in scientific 
applications, and in the generation of demand-driven products. 
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NEW RHCORDS OF NEUROPTHRA FROM IRAN 

A. Mirmoayedi 

Department of Piant Protcction, College oj Agriculture, Razi University, Kermanshafi, Iran 
E-mail: amirmoayed@hotmaii com ; amirmoayedi2001 @yahoo.com 

Scven provinccs of Iran wcrc survcyctl for Nciiroptcra. Threc spccics arc ncwly lislcd for ihc 
fauna of Iran. 

Kcy words: Ncuroptcra, Iran 


INTRODUCTION 

A list of 39 species of Neuroptera froni various paits of Iran were identifieci 
and piiblished by MIRMOAYEDI (1998) and later supplemented by a fuiiher 16 spe¬ 
cies (Mirmoayedi et al. 1999). The list presented here contains 23 species of 
Neuroptera of Iran of which 3 species are new for the fauna of Iran: one species of 
Chrysopidae, and two species of Coniopterygidae. The total estimated number of 
species of Neuroptera in Iran is 168. 


MATERIALS AND METHODS 

Seven different province.s of Iran (h’ars, Goleslan, llamadan, Ilormozgan, Kerman.shah, Kho- 
rassan and Kurdistan) were siirveyed and Neuropleran specie.s belonging lo 7 different fainilies were 
captured from 19 locations, in hand net and the light trap samples. Mo.sl of the .speciinen.s were cap- 
tiired with a 200 watts tiing.stcn light trap. Speci mens were pre.served dry, except Coniopterygidae 
which wcrc preserved in 70% cthanol. Genitalia of the all male specimens wcrc disscctcd, treated in 
10% hot KOn, washcd with 70% cthanol, .studicd and storcd in glyccrinc in plastic vials. The mate- 
rial is hou.scd in the Department of Piant Protcction, College of Agriculture, Ra/.i University of 
Kcrmanshah, Iran. 

The following locations (indicated by arabic numerals in the map of Iran - Eig. 1) yiclded 
Neuroptera. Abbreviations refer to provinccs: 

Gol - Golcstan provincc, north of Iran. I labitats include steppe, forest and bushiand. Golestan 
National park (GNP) is situated in this province and has an area of nincty thousand hcctarcs. riic 
Neuroptera fauna of GNP has becn carcfully dcscribcd by Yassayie & Mirmoayedi (199S) and 
Mirmoayedi et ai (1999). 

lior - Ilormozgan Provincc; South of Iran. d'hc climate is hot and humid; the temperature of 
certain days in summers going as high as 4S centigrade. 

Ilam - llamadan Provincc. This mountainous region has cold wcather in the winter and high 
temperatures in the summer. 

Khor- Khorassan Provincc. 'Fhe Dasht Kavir desert covers half of this province and is saline 
and unarablc. 
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Ker- Kermanshah Province. A principally niountainous Western province of Iran, with a tem¬ 
perate mediterranean climate. 

Kurd — Kurdistan Province. A principally niountainous Western province of Iran with cold cli¬ 
mate in winter, (as low as -10°C), but hot (sometimes 4()°C) in summer. 

Fars - Fars Province. The collecting location - Mehran Racing Club (MRC) - is situated in 
Shiraz, the principal town of Fars province. 


1. Badelan serkan (Ham) 1850 m, 

2. Bandar Lengeh (Hor) 10 m, 

3. Bazangan (Khor) 1100 m, 

4. Dasht (GNP) 150 m, 

5. Gazir (Hor) 12 m, 

6. Golzar camping (GNP) 150 m, 

7. Guilangharb (Ker) 1420 m, 

8. Kermanshah (Ker) 1300 m, 

9. Tang Kenesht (Ker) 1300 m, 

10. Shahinghaleh Mashad (Khor) 970 m. 


11. Razab marivan (kur) 1320 m, 

12. Minoodasht (Gol) 180 m, 

13. Assadabad Neishabur (Khor) 1210 m, 

14. Robat sarposh sabzevar (Khor) 960 m, 

15. Sarakhs (Khor) 275 m, 

16. Sharlegh (GNP) 190 m, 

17. Shiraz (MRC) 1540 m, 

18. Tange Gol (Gol, GNP) 170 m, 

19. Tehran 1110 m. 



Fig. 1. Collecting sites in Iran, from which Neuroptera have been recorded 
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RESULTS 

Twenty-lhree species were found among the Neuropteracaptured in different 
regions of Iran from 1995 to 1999, including 3 Chrysopidae, 5 Coniopterygidae, 9 
Myrmeleontidae, 1 Ascalaphidae, 1 Dilaridae, 2 Nemopteridae, and 2 Mantispi- 
dae. The species delermined are as follows : 


Chrysopidae 

Anisochrysa Jlavifmns (Brauer, 1851) - 1 male, Razab Marivan; 2.06.1998. 

Chrysopcrla sillemi {Esben-Petersen, 1935)- 1 male, Badelan Serkan, 20.08.1999; (First re¬ 
po rl For Iran). 

Italochrysa vartiemorum FIOLZEL, 1967 - 1 male, Razab Marivan, 3.07.1997. 

The fauna of Chrysopidae of Iran was sludied by HOLZEL (1966, 1967, 
1981). The total number of Chrysopidae from Iran, repoiled by him and other aii- 
thors, is 45 species. 


Coniopterygidae 


Coniopteryx {Holoconiopteryx) drammonti ROUSSET, 1964 - 1 male, Dehpayien serkan, 
21.08.1999; (First report For Iran). 

Coniopteryx {Xeroconiopteryx)fiircata Meinander, 1998 - 7 inales, 2 Females, Shahinghaleh 
Machad, 14.08.1999. 

Coniopteryx {Xeroconiopteryx) mankci ASPOCK, H. & U, 1965 - 1 male, Shiraz, 24.07.1998; 
(First report For Iran). 

Uemisemidalis pallida (WiTHYCOMBE, 1924) - 2 males, Razab Marivan, 1.05.1998; 1 male, 
Gazir, 12.07.1994. 

Nimhoa asadeva Rausch & AsPOCK, 1978 - 1 male, Razab Marivan, 1.05.1998; 1 male, 
Gazir, 12.07.1997. 

The Coniopterygidae of Iran was stiidied by ASPOCK & ASPOCK (1965), 
Rausu & Aspock (1978), Meinander (1998), Mirmoayedi (1998) and the total 
number of species reported from Iran is 25 species. 


Dilaridae 

nUar Uriiisus ASPOCK, II. & U., 1967 - 20 malc.s.Tang Gol (GNP), 1.08.1997 
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Myrmeleontidae 

Palpares lihelluloides (LiNNAEUS, 1764) - 2 females, Kermanshah, 1-13.07.2000. 

Palpares solidus Gerstaecker, 1894- 1 male, Kermanshah, 1.07.2000. 

Acanthaclisis occitanica (ViLLERS, 1789)- 1 male, Almeh (GNP), 17.9.1996; 1 male, Guilan 
Gharb, 9.6.1996; 1 male, Islamabad gharb, 1.06.1999. 

Distoleon tetragrammicus (FABRICIUS, 1798)- 1 male, Kermanshah, 1.07.2000. 

Neuroleon dianae HOLZEL, 1972, 1 female, Islamabad, 15.06.1999. 

Macroneniurus persicus (Navas, 1915) - 5 males, 8 females, Bazangan, 60 km to Sarakhs, 
15.06, 17.8.1999. 

Creoleon plumbeus (Olivier, 1811) - 10 males, 10 females, Kermanshah, 12.08.1996, 
12.06.1997; 5 km to Sarakhs, 15.06.1999; Badelan Serkan, 16.8.1999. 

Creoleon griseus (Klug in Ehrenberg, 1834) - 1 male, Kermanshah, 11.7.1999. 

Delfimeus intricatus (HOLZEL, 1972) - 1 male, Badelan Serkan, 15.8.1999. 

The Myrmeleontidae of Iran was studied by HOLZEL (1968, 1972). The total 
number of species from Iran, repoited by him and other authors, is 80. Some other 
species, not included in the above list remain to be determined, for example, a lot 
of specimens of Myrmecaelurus sp.n., known from Iran (Mirmoayedi et ai, 
1999) were captured from new localities. 


Ascalaphidae 

Puhopsis hamatus {KLVGin Ehrenberg, 1834)-! male, 1 female, Kermanshah, 14.08.1997 


Nemopteridae 

Dielocroce maxima HOLZEL, 1975 - 1 male, Badelan Serkan, 20.8.1999. 

Dielocroce vartianae HOLZEL, 1975 - 2 males, Razab Marivan. 18.6.1997. 

The Nemopteridae of Iran was studied by Alexandrov-Martynov (1930) 
and Holzel (1975); the total number of Nemopteridae from Iran, reported by 
these authors, is 15 species. In the Piant Protection collection, 3 more undeter- 
mined, putatively new, species are present. 


Mantispidae 

Mantispa styriaca (PODA, 1761) - 1 male, Golzar camping (GNP), 27.7.1997. 
Mantispa aphavexelte ASPOCK, U. & H., 1994 - 1 male, Sharlegh (GNP), 28.7.1997. 
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ENZYMATIC POLYMORPHISM 

IN CHRYSOPERLA CARNEA (STEPHENS) AND C. KOLTHOFEI 
(NAVAS) (NEUROPTERA : CHRYSOPIDAE) 

Mouloud, M., Chu, N. T., Simo Santalla, P., Gillet, P. and D. Thierry 

Departement des Sciences de la Vie et de la Terre 
IRFA-VCO, 3 place Andre Leroy, IIP. 808, 49008 Angers Cedex 01, France 
F-mail: mmoidoud@ uco. fr 

Isozymcs can bc used in order lo sliidy the importancc of rcproductivc barriers betwccn popu- 
lalions or species. The aim of Ihis work is to stiidy allozymc polymorphism in natural popula- 
tions of Chrysoperla carnea (STEPHENS) and Chry.soperla kolthoffi (Navas) collcctcd in Ihc 
West of FTancc. Two cnzymatic syslcms wcre stiidicd by starch gei eleclrophorcsis: diapho- 
rasc (DIA) and isocitrate dehydrogenase (IDII). For cach enzymatic system, presumed loci 
werc seorcd and gcnctic interpretation was proposed. The study of allozymc polymorphism at 
ihc DIA and IDH-2 loci providcd cvidcncc of marked gcnctic diffcrcnccs bctwccn Ch. carnea 
and Cfi. kolthoffi. 

Kcy words: lacewing, Chrysoperla carnea, C. kolthoffi, isozymcs, clcctrophorcsis 


INTRODUCTION 

The common green lacewing Chrysoperla carnea (Stfpiiens) sensit lato is a 
cosmopolitan and eurybiote chrysopid (ASPOCK et al. 1980), which has long been 
considered as a singie cosmopolitan species, although showing local biotypes dif- 
fering in seasonal and lite history characters (SlIELDON & MacLeod 1974, AL- 
ROUECMDI & Canard 1979). This sitLiation makes the status of this species impre- 
cise (Brooks 1994, Aspock & Holzel 1996). Recent works have shown that this 
presumed species correspond in reality to a “complex” of morphologically and bi- 
ologically different taxa (Leraut 1991,Tiiierry er<7/. 1992, 1994, 1998, DUELLI 
et al. 1996, Henry et al. 1996). At least three species are recorded in the Western 
part of Europe: Ch. lucasina (Lacroix), Ch. carnea sensu stricto and Ch. kolthoffi 
(Navas) (Thierry cT <7/. 1996). 

Working on determination of genetic variations by mean of electrophoresis, 
Bullini and Cianchi (1984) and Cl ANCIII and BULLINI (1992) in Europe and 
Martinez Wells (1994) in Noi1h America found some evidence supporting the 
existence of this complex. TlIIERRY et al. (1997) in an electrophoretic study on 
EST (esterase) and ACP (acid phosphatase) showed significant divergence be- 
tween Ch. lucasina (Lacroix) and the two other common green lacewings present 
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in West Europe: Ch. carnea s. s. and Ch. kolthojfi (Navas). The aim of this work is 
to study allozyme polymoiphisin in natural populations of this two last species. 


MATERIAE AND METHODS 
Collection site and identification 

Sampling was carried out during Ihe last weck of August 1999, in the mid Loire valley, near 
the town of Angers (France), lat. 47°28’N, long. 0°33’E. The sampling zone is an alluvial area be- 
tween the Loire and one of its tributaries, the Maine. The vegetation is an Atlantie type of boeage 
(CORILLION 1966), the arborescent vegetation being mainly composed of elm, ash and oak. At the be- 
ginning of September we can presume that a majority of adults had entered diapause (Honek & 
Hodek 1976) and offered good conditions for electrophoresis (Thierry unpublished data). 

A total number of 75 adults of chrysopids were collected by hand net in the lower canopy (< 4 
m) of isolated deeiduous trees. After the capture, each lacewing was identified according to the crite- 
ria and the typology proposed by Thierry et al. (1998) following the nomenclature proposed by 
Leraut (1991) (see voucher specimens deposited in the collection of Universite Catholique de 
rOucst, IRFA, F-49()()(), France). 

The chrysopid specimens were homogenized in Eppendorf tubes containing 100 pl of cxtract- 
ing buffer’ per specimen. Homogenates were centrifuged at 20000 g for 10 min. The supernatant was 
absorbed into several pieces of Whatman chromatographic paper, used as inserts in 12% starch geis. 
The geis were prepared according to Cardy and Beversdorf (1984) using hydrolyzed starch and a 
histidinc-citrate buffer system (pH 6.5) and electrophoresed at 4°C. 

Two enzyme systems were tested by appropriate staining (Acquaah, 1992); diaphorase 
(DIA) and isocitrate dehydrogenasc (IDH). 

Allozyme frequencies for each sainplc were derived from the electrophorctic results. 
Hardy-Weinberg equilibrium was tested using an exact test proccdurc. P-value of the test was calcu- 
latcd by means of a simulation algorithm according to Guo and Thompson (1992). Analyses were 
performed using the Software package GENEPOP (Raymond & Rousset 1995). 


RESULTS 

Two IDH presLimed loci were detected, but only the anodical one (IDH-2) 
was stLidied, the region IDH-1 not being clearly resolved. IDH-2 was found to be 
polymorphic for the two forms (Fig. 1). 

DIA profiles were composed by several bands (Fig. 2), but the only detected 
variation concerned the presence or absence of the most anodical band. When pres- 
ent, this band was faint in some specimens but not in others. We considered this sit- 
Liation as the expression of a locus with two alleles, one of them being a null one, 
the heterozygous genotypes being recognized by the faint band. 

* tris 0.1 M, polyvinylpyrrolidone 40 (8%), adjusted at pH 7.5 with HCl 
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I. Allclc rrequcncics al thc loci iniI-2 and DIA in Chrisopcrla carnea (N=44) and Cli. 
kolthojfi (N = 31) and cxact icsl for dcvialion IVom I lardy-Wcinbcrg cquilibriiim 

Ch. carnea s. s. C/i. kolthojfi 


inii- 2 ""' 

0.920 

0.419 

1 DI 1-2''" 

O.OSO 

0.581 

P-valuc 

0.013 

1 

DIA""' 

0.917 

0.556 

dia""» 

0.0S3 

0.444 

P-valuc 

0.126 

0.698 


The dilTerences in allele frequencies betvveen ihe Iwo samples were highly 
significanl (Table l). Both saniples were in Mardy-Weinberg eqiiilibrium for DIA 
biit only the Ch. kolthoffi sample was in Hardy-Weinberg eqiiilibrium for IDH-2. 


DISCUSSION 

A low heterozygoiis frequency for IDH-2 in Ch. carnea is associated with the 
laek of Hardy-Weinberg equilibriiim and coiild be attribiited lo a certain degree of 
consangiiinity, biit Ihe residis obtained for DIA are not in accordance with this siip- 


ldh‘” 

Idh- 


2 



null/null null/100 



+ 

A 


100/100 



+ 

A 


Figs 1-2. isozyme pallcrns in Chrysoperla carnea and Ch. kolthoffi: 1 = isocitralc dehydrogenase, 

2 = diaphorasc 
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position. Other factors (selection, migration preceding entering in hibernation 
sites) coLild explain the lack of equilibriuin for IDH-2 but we have no evidence of 
this. The stiidy of allozyme polymorphism at the DIA and lDH-2 loci give evi¬ 
dence of marked genetic differences between Ch. carnea and Ch. kolthojfi. These 
resLilts complete those obtained by Thierry etal. (1997) in their study of esterases 
and acid-phosphatases and are in accordance with the moiphological and eco- 
physiological differences observed between Ch. carnea and Ch. kolthqffi 
(Thierry et al. 1994). Ecophysiological differences in life-history (Tauber & 
Tauber 1985) and pre-inating barriers like variations in courtship song patterns 
(Henry 1985) might contribute to limit gene flow between these two species. 

Even if the species studied showed significantly differentiated allele frequen- 
cies, no alternative allozyines were found which could demonstrate that gene flow 
does not occur between those two sibling species as it has been observed in other 
aithropods complexes (BULLINI 1982). 
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PROSPECTS FOR EXTENDING THE USE OF AUSTRALIAN 
LACEWINGS IN BIOLOGICAE CONTROL 

T. R. New 

Department ofZoology, La Trohe University, Victoria 30H6, Australia 
E-mail: zootn @ zoo. latrohe. edu.au 

Vcry fcw Australian iaccwings havc bccn uliliscd in biological conlrol programmcs, dcspite 
the nccd to managc an cnormous varicty of arlhropod pcsts on a widc rangc of crops. Only Iwo 
spccics (Micromus ta.smaniae Walker, Mallada signatus (SCHNEIDER)) havc atlraclcd wide 
allcnlion. The rcasons for this focus arc discussed, and the biology and abundancc of Austra¬ 
lian Memerobiidae and Chrysopidac rcvicwcd as a basis for discovering further opportunities 
lo manipulate native laccwing spccics for pest management. These opportunities arc cxplorcd 
in the context of (1) the undcsirability of introducing further exotic natural enemies to Austra¬ 
lia and the conscquciU nccd to cnhancc use of native taxa, and (2) the characteristies of a ‘good 
predator’ for pest management. 

Kcy words: pest management, natural enemies, predators, Neuroptera, Memerobiidae, Chryso¬ 
pidac 


INTRODUCTION 

The diversifying nature of integrated pest management continues to 
emphasise the need to employ ali available natural enemies of agricultural pests. 
Continued introduction of exotic species into Australia for this puipose is ques- 
tioned increasingly, on the grounds of environmental protection, and there has 
been renewed interest in improving the values of native natural enemies for pest 
management, with implications that the pool of suitable species may be consider- 
ably larger than those already being utilised. Within the Neuroptera, only singie 
species of Hemerobiidae {Micromus tasrnaniae WALKER) and Chrysopidae {Mal¬ 
lada signatus (SCHNEIDER)) have attracted wide attention as manipulable preda¬ 
tors in Australia {HORNE etal. 2Q0\a, h). Both families are diverse in Australia and 
have attracted considerable focus for biological controi elsewhere in the world 
(New 1999). Opportunities to extend this predator spectrum in Australia initially 
seem to be available. The likelihood of utilising more Australian species of Neuro¬ 
ptera for pest management, as part of a transition from importing classical biologi¬ 
cal controi agents to augmenting the use of available native species, is discussed in 
this paper. 
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CANDIDATE TAXA 

The Australian Hemerobiidae includes 34 described species (NEW 1988), 
and Chrysopidae includes 60 species (NEW 1996). Most of these species, in both 
families, are pooiiy known. Some are scarce, or apparently scarce, and are known 
only from their types and from single localities. For many, no data are available on 
habitat tolerances and basic biology. Many appear to be geographically and/or eco- 
logically restricted, for example to native forests in either the temperate or tropical 
parts of Australia. 

The regions of greatest interest for agricultural pest management are the 
Bassian region and the Central and Central north parts of the east coast, where most 
field, orchard and forestry crops are produced. The spectrum of Hemerobiidae and 
Chrysopidae in these areas is considerably less than for Australia as a whole, and 
most of the species recorded are not common. Trap catches of lacewings in crops 
and natural environments in the region yield few common species, and few taxa are 
consistently present. Most catches are dominated by the two species noted above, 
M. tasmaniae and M. signatus. 

However, at least three other species occur in reasonable abundance in the re¬ 
gion, and at times in association with crops: 


Hemerobiidae 

Drepanacra binociila Newman is widespread in the region, although always 
markedly less abundant than M. tasmaniae. It is found predominantly on native 
vegetation such as Acacia trees (NEW 1984). It is a specialist feeder on Psylloidea. 
D. hinociila occurs only rarely on field crops, but can be more common in or- 
chards. Ali other Hemerobiidae are scarce, or occur only very sporadically on and 
around crops. 


Chrysopidae 

Plesiochrysa ramhuri (SCHNEIDER) is very widespread in Australia and 
miich of the Western Pacific. It has been introduced to New Zealand from Australia 
on several occasions, but has not become established there (WlSE 1995). 

Apertochrysa edwardsi (BANKS) is sometimes the most abundant chrysopid 
on native vegetation in Southern Australia (NEW 1983). As with D. binocida, it is 
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coiiinion on Acacia. It can by far oiitnuniber other Chrysopidac in such naliiral 
habitats, but appears not to be strongly pre-adapted to native prey (New 1982). 

Sporadic reports of other Australian Neuroptera on field crops or in associa- 
tion with pest ailhropods occiir - mainiy in the north east, for Mallada traviatiis 
(Banks) (Boros 1984), M. basalis (Walker) and Micromiis timidus Hagen - 
but none has been noted as of potential economic valiie for crop protection in Aus¬ 
tralia. There are also very few ‘early’ records of lacewings as important predators. 
WlLSON (1960) made no mention of hemerobiids in his review of biological con- 
trol activities in Australia, and only casual note of P. ramhuri and M. signatus in 
lists of puiported natural enemies of scale insects. Neuroptera have been overshad- 
owed substantially by Coccinellidae, whose predatory values have attracted much 
wider attention in Australia (Frogga IT 1902). 

In New Zealand, M. tasmaniae and /). hinocitla are both indigenous, and re- 
garded as long established from Australia (WlSE 1995). Both have been implicated 
as important predators, the latter as ‘the most important' predator of I lomoptera on 
Pittosporum (Carter 1949), although its incidence was too sporadic to effect con- 
trol. Other New Zealand studies were summarised by WlSE (1995). D. hinocitla 
was also exported from Australia to Hawaii for control of Psylla {=Accizzia) 
uncatoides on native Acacia species (Leeper & Beardsley 1976). Much eaiiier, 
M. timidus had also been introduced into Ilawaii from Australia, to control sugar- 
cane pests (WlI.lJAlVlS 1927). An initial stock of 14 living specimens from north 
Queensland was used to rear more than 5000 adults for release, togcther with nu- 
meroLis eggs. The lacewing established rapidly on several islands, and adults and 
larvae (as with M. tasmaniae) are both voracioris predators. 

By contrast with other parts of the world where Neuroptera are important bi¬ 
ological control agents. Australia lacks members of the 'Clirysoperia carnea 
group’ of species so predominant in such activities. In Australia, Chrysoperia is 
represented by Ch. congrua (WALKER), a widespread species known from parts of 
northern and Central Australia but absent from much of the east and south of the 
continent where needs for pest management are paramount. Many of the chrysopid 
genera in Australia have no historical involvement elsewhere in biological control 
operations. Likewise, most Hemerobiidae are not members of genera used widely 
in pest management (NEW 2001). The single Australian species o\'Hemerohius, for 
example, is poorly known, elusive, and its biology is unknown. 

The ‘pool' of candidate Neuroptera in Australia related to taxa manipulated 
elsewhere is thus genuinely small. Much original research would be needed to in¬ 
vestigate their suitability for pest management and, even, to elucidate their basic 
biology. The more immediate priority is the enhancement of the effects of the two 
most abundant taxa, whose biology is reasonably well understood. 
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Estahlished valiies of M. tasmaniae and M. signatus 

These two species are among the most widely distributed lacewings in Aus¬ 
tralia (New 1997), and have been reported from all mainland States and Tasmania. 
M. tasmaniae and M. signatus are both generalist feeders and disperse readily on to 
low vegetation as a normal component of their habitats. Both features are impor¬ 
tant in biological controi, in which a broad spectrum of management activities to 
enhance the impacts of natural enemies may be available. These include: 

1. Multiple introductions, including augmentative releases of native species. 

2. Reducing direct mortality by eliminating pesticide use, or seeking pesti- 
cide-resistant natural enemies. 

3. Providing supplementary resources to attract or sustain natural enemies. 

4. Increasing within-field and nearby vegetational diversity. 

5. Manipulating features of the host plants. 

6. Using semiochemicals (such as kairomones) to stimulate effective search- 
ing behaviour and selection of natural enemies in the field (after Altieri & 
Nicholls 1999). 

The great majority of pest arthropods on Australian crops are exotic species, 
which have been present only during the recent period of European settlement, 
with new ones continuing to arrive and establish. Many are not closely related to 
native species, so that there is no predictable suite of pre-adapted specialist con- 
sumers. For example, Australia’s few native aphid species are predominantly asso- 
ciated with forest environments, and virtually all the aphids on low vegetation are 
exotic species. Pest Lepidoptera include native noctuid moths, but others (such as 
Pieris rapae and Plutella xylostella on brassicas) are exotic. For these, and many 
other pests, biological controi in Australia has relied heavily on the use of 
parasitoids. Use of native natural enemies, including predators, in IPM is relatively 
recent, together with associated mass rearing and dissemination of these. 

The Coccinellidae commercially available in Australia are all predators of 
Homoptera. Cryptolaemus montroiizieri, Rhyzohiiis lophanthae and Chilocorus 
spp. are all recommended for use against mealybugs {Cryptolaemus) and various 
scale insects. The recommended pest target range for M. signatus is much broader, 
and indicates that it is one of the most effective generalist predators available on a 
commercial scale: aphids, two-spotted mite {Tetranychus urticae), greenhouse 
whitefly, scales, mealybugs, moth eggs and small caterpillars (Papacek et ai 
1995). It is recommended also for use in a variety of contexts, including field 
crops, nurseries and greenhouses, and a considerable variety of crops in these envi¬ 
ronments. 
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M. signatus is availablc from two commcrciai facililies in Qucensland, and is 
also reared eisewhere. M. tasmaniae has oniy rccently become Ihe focus of mass 
rearing studies, and has proved amenable lo this (HORNR et ai 20()\a); il is likely 
to receive considerably more attention in Ihe next few years. 

Bolh species are siiilable for shorl term releases to increase inipact of natui al 
enemies over the life of acrop, with the undeiiying assiimption of repeating the ex- 
ercises in the future rather than relying on ‘permanent’ suppression of the pest. 
Mowever, possibilities for conservation in crop environments and natural augmen- 
tation of both species by using food sprays and other attractants would seem to exist. 

M . tasmaniae is recognised as a significant predator on aphids in New Zea- 
land (Rohitha & Pknman 1986) and Australia (MiLNE & BiSIIOP 1987). Both 
sexes disperse readily and, unusually for Hemerobiidae, the larvae are also mobile 
and descend from plants and traverse open ground to reach others. They are thus 
amenable to capture using pitfali traps, which have proved valuable in population 
assessment (RiDLAND 1988). The lacewing has been regarded as a ‘key predator’ 
of aphids (HORNE et al. 2001/;), and its high tolerance to some pesticides led 
Rumpe et al. (1998) to believe it had ‘high potential’ in IPM in the region. 

M. signatus is typically much less abundant than M. tasmaniae on field crops. 
Initial studies on its abundance in association with Helicoverpa caterpillars on cot- 
ton in Queensland (Samson & Bl.OOD 1979) suggested that it might be relatively 
more effective as a control agent than some analogous Chrysopidae employed 
widely in North America. More recently, it has been implicated in suppression of 
pest Lepidoptera on macadamia (Queensland) and grapevines (Victoria). How- 
ever, more detailed studies of this very promising species are needed (HORNE et al. 
lima). 


FUTURH DEVELOPMENTS 

There has been a history of neglecting ‘generalists’ as biological control 
agcnts, with long-standing belief that feeding specificity is a key requirement for 
such natural enemies. However, this requirement is not as vital if native taxa are 
used within their natural ranges, rather than for exotic taxa being introduced into 
new ecological associations. 

Very few studies (summarised by Chang & Kareiva 1999) have measured 
the contributions to biological control of generalist and specialist species on the 
same prey, and the results of these provide no general basis for recommendation. 
Non-target effects of native generalist predators may include decreasing numbers 
and impacts of specialist species, if these are also available. Conversely, as with 
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both the lacewing species discussed here, persistence in the local environment is 
likely (even, usual) during periods of low pest abundance when alternative foods 
are either present or provided as a component of management. They may then be 
regarded as ‘lying in wait’ (Chang & Kareiva 1999) and as ‘Insurance’ against 
pest outbreaks. Refining management may lead to greatly increased reliance on 
such native generalist species in many pest management contexts. 

The two species discussed here may have complementary roles, based on 
their size difference and the consequent differential vulnerability of different sizes 
of prey. M. signatus is able to take relatively larger cateipillars than M. tasmaniae, 
for example. Both species manifest many of the featiires of ‘good’ generalist pred- 
ators. They occupy a large range of climatic regimes, and are easily manipulated in 
a variety of IPM contexts over much of the Australian continent, with local stocks 
likely to be available for enhancement. At present the limits to their use are not 
ciear. The abundance of M. tasmaniae in the cooler regions of Australia and New 
Zealand implies that it could parallel some Noith American Hemerobiidae in being 
a Liseful control agent over the cooler parts of the year. M. signatus also breeds 
throughout the year, but is more abundant in the warmer seasons. Trials with artifi- 
cial food sprays (Mensah 1997) demonstrate the likelihood of effective popula- 
tion enhancement from local populations. 

Both species are already regarded as valuable contributors to pest manage¬ 
ment on numerous crops, at a time when agricultural and hoiticultural diversifica- 
tion is an increasingly impoitant strategy in Australia; and both are useful in both 
broad acre applications and more restricted environments. It is unlikely that their 
widespread use will be approached by any other lacewings in Australia, although 
D. binocula and P. ramhuri, in paiticular, may have potential for development in 
some more specialised IPM contexts. At present there is little practical incentive to 
enhance the number of species of Neuroptera used as biological control agents in 
Australia and, apparently, few suitable candidate taxa with which to do so. 
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The Central regions of Malesia, Wallacea, are the meeting place of the biota of two major geo- 
graphical regions: Australia and the Oriental Region. Knowledge of the lacewings of Walla¬ 
cea is reviewed, as an aid to assessing this faunal overlap and to understanding the origins and 
affinities of the Australian fauna. The constitution of the Malesian fauna of aboiit 420 de- 
scribed species in 12 families is outlined, and the interacting faunas are tentatively appraised 
and defined. 

Key words: /oogeography, Australasia, Oriental region, Malesia, lacewings 


INTRODUCTION 

Malesia, the complex area linking the Oriental and Australian biotas, is one 
of the most intriguing biogeographical regions in the world. Many biologists have 
speculated on the existence and positions of boundaries delimiting floral and fau¬ 
nal elements there, and compromise between the distributions of numerous groups 
of animals - each with different biology, dispersal abilities and ecological needs - 
for any generalisation has been difficult to find (vSlMPSON 1977). The Central tran- 
sitional zone, Wallacea (Fig. 1), is of particular interest in seeking to clarify faunal 
transitions, as it is in this region of essentially Asian flora that a mixture of Asian 
and Australian related fauna is most ciear. However, the concept of ‘Wallacea’ as a 
distinet region is by no means universally accepted (WlllTTEN et at. 1988), be- 
cause of the great complexity of the area and the presence of numerous endemic 
animals and plants. Thus, in relatively well known groups of insects such as 
papilionid and danaine butterflies (COLLINS & MORRIS 1985, ACKERY & Vane- 
Wright 1984) endemism is sufficiently high to render the regional fauna of major 
global significance. Discussion of additional groups of fauna, especially lesser 
known ones, has potential to contribute to interpreting the complex overall picture 
of faunal relationships in the region. In this paper, a preliminary appraisal of the 
Neuroptera of Wallacea is provided particularly to indicate the putative presences, 
absences and constitution of major groups, and how these may affect interpretation 
of the Oriental or Australian faunas. A more comprehensive appraisal of the 
Malesian Neuroptera by NEW (2001) fornis the framework for the following Over¬ 
View. 
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Hg. 1. Outline map of Malesia (black) wiih Central Aegion, Wallacea, delimited by Wallace's line (A-A) and Weber’s line (B-B) 
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As with many other groups of insects, there are ciear limitations to ihe reli- 
ability of information available. Van DER Weele’s (1909) account remains Ihe 
most comprehensive overview of the fauna of paits of Indonesia but the more lim- 
ited region of Wallacea has nol hosted resident neuropterists for any extended peri- 
ods, and mosl of the few records of lacewings from the region are of material col- 
lected sporadically by non-specialists and described, with varying degrees of accii- 
racy, by workers far distant from the region. Many of the early generic attributions 
have never been verified, and some assessments of distribiitions are compounded 
by labelling ambiguities: ‘E. Ind.\ for example has the ambiguity of “East Indies” 
or “East India”. However, in recent years, I have tried to examine most of the spe¬ 
cies reported from the region, augmented by my own collections from paits of Pa- 
pua New Guinea, Indonesia and Malaysia, with the primary focus of seeking to 
clarify the affinities of the diverse Australian fauna, and its transitions to the Orien- 
tal region. 

The main features of the documented fauna are summarised in Table 1, 
which is based on published records and descriptions. For some groups, the per- 
spective is likely to change considerably at the species diversity level. However, 
much of the Malesian region has been subject to massive environmental changes 
over the last century (MacKinnon 1997), predominantly through clearing of na¬ 
tive vegetation for support of a burgeoning human population. MacKinnon 
{1997) claimed that more than 90% of the natural vegetation of the Philippines has 


Tal)le 1. Summary of rccorded richncss of 

fami lies of Neuroplera 
Malesia 

in Wallacea, compared with 
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No of species recorded from 


Malesia 

Wallacea 

Rapismalidac 

1 1 

0 

Conioptcrygidac 

59 
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Sisyridac 

3 
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Osmylidac 

56 
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Manlispidac 

63 
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Bcrothidac 
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Di laridae 
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0 

Hcmcrobiidac 

50 

19 

Chrysopidac 

105 

34 

Nymphidac 

9 

1 

Ascalaphidac 

25 
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Myrmcleontidac 

60 

16 
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now been cleared for agriculture, logging and mining, for example, although fig¬ 
ures for sorne paits of Indonesia are much less than this. Many of the elusive eco- 
logically specialised taxa of lacewings and other insects have probably become 
even rarer than the few records suggest. It is perhaps doubtful that some of them 
are stili extant, and anomalies in interpretation will inevitably persist for the fore- 
seeable future. For some families, some of the nominal genera are apparently 
widely distributed in the region. For others, there is some evidence of ‘skewed’ in- 
cidence which may reflect attenuation from an area of origin to one or other side of 
Wallacea. However, knowledge of the source areas is itself uneven. A substantia! 
framework is available for appraisal of the Australian fauna (NEW 1997), but many 
parts of Western Malcsia, Continental south east Asia, and the Indian subcontinent 
are stili relatively pooiiy documented. The extent of lacewing evolution on the 
complex archipelagos of Wallacea (essentially, Southern and parts of eastern Indo¬ 
nesia, with Sulawesi the largest island, and the Philippines, excluding Palawan 
(note that many recent authorities now restrict the definition of Wallacea to ex¬ 
clude the Philippines [see COATES et ai 1997]) needs fuither investigation, to- 
gether with elucidation of the dispersal powers of many taxa. Thus, for a related 
example, the lacewings recorded on the Krakatau Islands include several not nor- 
mally considered to be competent dispersers (NEW & SUDARMAN 1988) or to oc- 
CLir in non-forested environments. A record of Isoscelipteron nicoharicum (NAVAS) 
there was not only unexpected, but marked a considerable extension from the spe¬ 
cies’ known range in Malaysia and the Nicobar Islands. A coniopterygid, Hetero- 
conis axeli NEW, from the small pateh of early successional Casuarina woodland 
on Anak Krakatau remains unknown elsewhere in Indonesia, despite the predomi- 
nance of the genus in the regional fauna. Likewise, MONSERRAT’s (1982) records 
of Coniopterygidae from Indonesia included some notable range extensions. Al¬ 
though the gross distributions of families and some major segregates of Neuro- 
ptera in the region are reasonably well understood, any synthesis at finer levels 
must remain tentative. 


FAMILY REPRESENTATION AND RELATIVE DIVERSITY 

The following families of Neuroptera have not been recorded from Wallacea 
or greater Malesia: Ithonidae, Rhachiberothidae, Nevrorthidae, Psychopsidae and 
Nemopteridae. Most of these are unambiguously absent, with the fauna clearly 
centred on other parts of the world, but two inerit fuither investigation. Nevror¬ 
thidae and Psychopsidae are both known from Australia and regions to the north or 
West of Malesia, so that their known distributions are inexplicably disjunct. It is 
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possible that they occur in intervening zones, and the characteristic larvae of 
nevroilhids shouid be soiight in running waters in the region. Nymphidae might 
also be found in Wallacea, as an attenuation from New Guinea, but it woiild indeed 
be surprising if such large and conspicuoiis insects as these and Psychopsidae have 
escaped notice until now. 

Some other families are represented in Malesia by very few described species 
or other records, but are globally widespread. Few taxa of wSisyridae, Berothidae 
and Di laridae have been described, with the last of these absent from Australia. 

The remaining eight families are all well represented, and more diverse. They 
are thus the core taxa for more detailed faunal appraisal. The following notes refer 
to the Malesian fauna, as a basis for appraising the centre of this region. 


DISTRIBUTION AND DIVFZRSITY OF MAJOR FAMILIES 
OF NEUROPTERA IN MALESIA 

Rapismatidae 

The archaic Rapismatidae extend from northern India and Nepal, through 
Myanmar and West Malaysia to Borneo (Barnard 1981), but their biology is un- 
known. Most species are known from very few individuals, and from singie locali- 
ties, and the family does not extend to the Australian Region. Their greatest rich- 
ness is in West Malaysia. Not recorded from Wallacea, rapismatids are apparently 
restricted to the regions west of this. The Malesian species are clearly related to 
taxa from the Indian subcontinent and mainiand south east Asia, and the family is 
absent from New Guinea and Australia. The narrowly endemic family is highly 
characteristic of the region and apparently limited to natural habitats, mainiy at 
higher altitudes. 


CONIOPTERYGIDAE 

Most of the genera present in Malesia are widespread. Heteroconis Ender 
LEIN is by far the most diverse genus, as it is in Australia. The suggestion by 
Meinander (1972) that Australian taxa might be generically distinet from Asian 
forms is not suppoited by the variety of species now known. Many Heteroconis 
species appear to have very restricted distributions in the region. The great diver- 
sity of Heteroconis is the most striking feature of the regional fauna, and this domi- 
nance is shared with Australia. Heteroconis occurs also in parts of Africa, but not 
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in the Palaearctic and much of soiith east Asia. It is most speciose in Indonesia, Pa- 
pua New Guinea and Australia. 

Paraconis Meinander is known only from Sabah, and may be an endemic 
Malesian genus, and should be sought in Wallacea. Most other genera are wide- 
spread, but the apparent lack of Neosemidalis Enderlein, diverse in Australia and 
represented also in Papua New Guinea, emphasises the affinities of the genus as 
Australian. Likewise, Cryptoscenea ENDERLEIN is relatively pooiiy represented in 
Malesia (one record from Bali: MONSERRAT 1982) and more diverse in Australia. 
It may occur in Wallacea. Coniocompsa ENDERLEIN has not been repoited from 
Australia and is more diverse elsewhere, including Africa. 


OSMYLIDAE 

Gsmylidae of Malesia are characterised by massive radiation of Spilosmy- 
linae and the absence or paucity of other subfamilies found in Australia and the 
eastern Palaearctic. Spilosmyliis KOLBE is particularly diverse in Indonesia, the 
Philippines and Papua New Guinea, and it is likely that many further species await 
discovery there. The genus is scarcely represented in Australia. Thaiimatosmylus 
KrOger appears to be restricted to Western parts of Malesia, and has not been re- 
corded from New Guinea. 

The Southern subfamilies predominant in the Australian fauna are absent. 
Spilosmylinae occur from Africa (Tjeder 1957) and India to northern Australia, 
where they are represented very poorly. Most of the species in the region appear to 
have rather narrow distributions, and Malesia is clearly a major centre for di versifi- 
cation o\' Spilosmyliis. The two Australian species are known only from northern 
tropical Queensland, and represent attenuation from the diverse Malesian fauna. 


Mantispidae 

The precise generic allocation of many of the complex array of taxa in this 
family remains uncertain. A few distinctive genera of large, wasp-like mantispids 
(Campanacella Handschin, Mimetispa Handschin) are known only from Ma- 
laysia and Indonesia, and others (such as Eiimantispa Okamoto and Eiiclimacia 
Enderlein) are distributed more widely in and around the region. Details of dis- 
tribution of most taxa are unclear. 

Three subfamilies are represented in Australia, but only Mantispinae are 
known from Wallacea. Many of the putative genera in Malesia do not occur in 
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Australia, and Australia and New Ciuinea share several genera which are unknown 
elsewhere. Some other Australian genera are apparently endeniic (NEW 1998). 


Hem EROBl IDAE 

Few species of Hemerobiidae are common or widespread in the region, other 
than the very widely distributed Micromus timidus Hagen. Broad-winged species 
of Notiohiella BANKS and Psectra Hagen occur throughout the region, but are 
Lisually not common. Hemerohius L. is very poorly represented (except in the Phil- 
ippines), and ZachohieUa BANKS may be more diverse than presently docu- 
mented. 

Most genera found in Malesia are widespread, but several genera from Aus¬ 
tralia do not extend noilhward to the region. These are either confined to Australia 
{Carohius BANKS), where they may be Bassian {Notherohius NEW), or occur also 
in New Guinea. Others, such as Wesmaeliiis KrOGER occur also in the eastern 
Palaearctic but have not been repoiled in Malesia. Hemerohius is also predomi- 
nantly from the north, as evidenced by its apparently greatest regional diversity in 
the Philippines. The most characteristic genus in the region is ZachohieUa, which 
ranges from south east Asia and New Guinea to Australia. 


CHRYSOPIDAE 

The large Apochrysinae are represented by three genera {Joguina Navas, 
Nohilinus Navas, Synthochrysa Needham) in Indonesia, but Chrysopinae is by 
far the more diverse subfamily. A number of regional species have not been attrib- 
uted firmly to genus (Brooks & Barnard 1990), but Glenochrysa Esben- 
Petersen and Kostka Navas are both characteristic taxa for the region. Ankylo- 
pteryx Brauer s. 1. is widely distributed, with some species rather variable (A. 
octomaculata (F.) and its ‘fornis’), halochrysa PRINCIPI is also diverse. Notho- 
chrysinae are absent, but represented by two genera in Australia. Two genera of 
Apochrysinae (Joguina, Nohilinus) are predominantly Malesian, with most de- 
scribed species of the latter from Indonesia. Synthochrysa is distributed more 
widely in the Western Pacific. Affinities of most taxa of Chrysopinae are stili con- 
fusing, as many of the genera are widely distributed to both ‘sides’ of Wallacea. 
Kostka is probably endemic to Malesia, and Glenochrysa (with several species un- 
described) and sections of Ankylopteryx s. I. more diverse than elsewhere and 
shared with noithern Australia. 
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Ascalaphidae 

Haplogleniinae are far less diverse in Malesia than are Ascalaphinae, in 
which the predominant genera appear to be Ascalohyhris SZIRAKI, Suhpalacsa 
Lefebvre and Siiphalomitus VAN DER Weele. Ascalohyhris occurs also in India, 
China and Taiwan, but is absent from Australia. The predominance of Suhpalac- 
sini is a ciear affinity with the Australian fauna, as all the Australian species belong 
to this tribe. However, many of the Australian genera are not known from nearby 
countries and may be endemic. Suhpalacsa and Siiphalomitus are widespread in 
the region. The Haplogleniinae, a relatively minor component of the Malesian 
fauna (as Idricenis McLachlan and Protidricenis VAN DER WEELE) show 
greater affinities with the Palaearctic fauna. Helicomitus McLachlan (if a valid 
genus) is widespread in south east Asia. 


Myrmeleontidae 

Some early records of Myrmeleontidae from Malesia are anomalous, and re- 
main tantalising. Palparini (if present) and Acanthaclisinae are very pooiiy known, 
and most knowledge of antlions in the region is based on Myrmeleontinae. Myr- 
meleontini include the widely distributed group of species allied to Myrmeleon 
acer Walker and several species of Hagenomyia BANKS. Protoplectrini is repre- 
sented only by Pseudoformicaleo VAN DER WEELE. Distoleontini and Dendro- 
leontini are the predominant tribes, with several genera of each widely distributed. 

The few records of Palparini and Acanthaclisinae from Malesia are difficult 
to evaluate because of doubts over conect generic attributions. Echthromyrmex 
McLachlan, although rare, is a ciear affinity with the north and westem fauna 
(such as the Indian subcontinent). Other palparines, if records of their incidence 
are indeed valid, represent attenuation from the African fauna. Palparines are ab¬ 
sent from Australia. 

The major groups of interest for zoogeographical appraisal are Dendroleon- 
tini and Distoleontini, the predominant tribes of antlions in Australia. Both are 
much more diverse in Australia than in neighbouring countries, but several genera 
are widespread, and conect placement of some Malesian taxa must await critical 
re-examination of the types. Some major species radiations, such as proliferation 
in the genera Austrogymnocnemia Esben-Petersen and Glenoleon BANKS are 
apparently confined to Australia. Some Australian genera (such as Periclystus 
Gerstaecker) shared with New Guinea do not occur elsewhere. Both major gen¬ 
era of Myrmeleontini are widespread, with Hagenomyia limited to the far north in 
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Australia; Callistoleon BANKS is apparenlly absenl IVoni Malesia. The sole Male- 
sian genus of Protoplectrini (Pseiidojonuicaleo) is wiclespreaci in the area, and 
shared with norlhern Australia; it has been recorded from Timor (Mandsciiin 
1937), and probably rellects an Australian lineage. 


HNDEMISM ANI) FALJNAL DEFINITION 

The above summaries indicate the oveiiap of the distinctive Australian fauna 
with that of South east Asia, and the differing extents to which this occurs in vari- 
oLis lacewing families. However, the Neuroptera of Central Malesia, Wallacea, are 
extremely poorly documented. The region is geographically complex, with consid- 
erable discussion since DiCKERSEN et aL\ (1928) definitiori of the ar ea to include 
the Philippines. At piesent, only about 15 species of Neuroptera are known from 
both Southern Indonesia and the Philippines, and most of these occur more widely 
in Malesia. Three major groups of islands for ni Indonesian Wallacea and forni the 
basis of distinctive subregions as (a) Sulawesi and its neighbours, (b) the Moluccas 
and (c) the Eesser Surida Islands. The overall regiorial complexity is manifest by 
VAN Steenis’ (1972) appraisal of the putative origins of wSulawesi\s allochthorious 
niountain flor a, with thr ee niairi tr acks of (a) Luzonian, southwar d from the Asiari 
mainland through the Philippines, (b) Sumatran, eastward from Malaysia through 
Sumatr a and Java, and extending through the Eesser Suridas, and (c) Papuari, west- 
ward from Melariesia through New (jirinea. Eaurial origins are similarly complex, 
with each contributing to developnient of endemic (or autochthorious) taxa after 
establishment. Soriie broad parallels between Neur optera and piant tracks could be 
suggested; the apparent diversity Hcmerol)ius in the Philippines, for exariiple, 
niay represent their southward extensiori from Asia that has riot reached wSulawesi. 
However, everi for Sulawesi, few r ecerit r ecor ds of lacewings exist, and kriowledge 
of the complex Philippines fauna has scarcely been augmented since the descrip¬ 
tive accounts by BANKS (1916, 1937, 1939). Mariy of the Indonesian islands lack 
records of Neuroptera, and the most recerit synoptic publications are by Hand- 
SCHIN (1935, 1937). Table 1 reveals records for only about 120 species (of a 
Malesian total of about 420) in 10 families (of 12 in Malesia). The Philippines total 
of 80 species considerably exceeds the 54 notiorial species reporled IVorii Walla- 
ceari Indonesia, and the latter region has been substantially undersampled in rela- 
tiori to Iriari .laya and the niairi Wester n islands of Indonesia. Iri par ticular, the ap¬ 
parent paucity o\' Heterocouis and Spilosmyius in relation to other paris of Malesia 
is unlikely to be realistic. 
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Neuroptera of Wallacea do not appear to constitute a distinctive faunal unit 
above the species level, but include elements that are (a) widely distributed in 
Malesia, (b) predominantly Australian in relationships, a trend evident particularly 
for areas close to Australia, such as Timor, or (c) more clearly aligned with the 
South east Asian fauna. The broader regional fauna is more distinctive, but the ex¬ 
terit to which this picture is realistic - or can be augmented meaningfully - is 
cleariy open to doubt. Over'all, Sulawesi is not as biologically diverse as Borneo, 
but both it and the Philippines have high levels of species endemisrn. It is reason- 
able to SLippose that furiher endemic lacewings await discovery in the r*emaining 
less disturbed parts of Wallacea. 
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/OOGHOCiRAPHICAL PATTERNS 
IN CHRYSOPIDAK OF THH MADAGASCAN SUBREGION 
(INSECTA: NEUROPTERA) 

Ohm, P. 1 and H. HoLZEL* 

Westrin^ 337, D-241 IS Kiel, Gennany 
*Hppersdorf I, A-937I Hriickl, Austria; E-mail: herhert.hoelzel@aon.at 

Fifty foiir spccics and subspccics of Chrysopidae have been rccordcd from the Madagascan 
sLibrcgion. Thirly seven are probably endemie lo the subregion, scvcntccn are more widely 
dislribuled: nine occur Ihroughout sub-Saharan Arrica,six have only been found in Easlern Af¬ 
rica, while two species occur ihroughout ihe continent and exlend eastwards as far as the Pa¬ 
cific region. Two of the endemie spccics, Dichochrysa duplicata and Glenochry.sa insularis 
are rcprcscntcd in the subregion by three subspccics cach. 

The origin of most of the endemie spccics scems to bc Africa south of the Sahara. Only two 
Plesinchrysa spccics from the Scychcllcs bclong to the ''oceanica-gxo\x\7' of Plesiochrysa, 
that is nol known from Africa but from the Oricntal region. 

In addilion to the distancc from the continent of Africa, Madagascar, and the varying sizes and 
altitudcs of the islands, the varying number of known spccics from different islands is duc to 
the disparate amounts of work donc on them. The Scychcllcs, Mauritius, La Rcunion, Mayotte, 
and Grande Comore where visited sevcral limes, Mohcli and Rodriguez for a fcw days only, 
while wc only know of oldcr reports from Madagascar and Anjouan. 

Kcy words: Chrysopidae, Madagascan region, distribution, biogeography 


INTRODUCTION 

The islands of the Madagscan subregion have different origins (Fig. 1). Mad¬ 
agascar and the rocky islands of the Seychelles are fragments of the former conti¬ 
nent of Gondwanaland. The archipelagos of the Mascarenes as well as the Como- 
ros are of volcanic origin, the easternmost island in each archipelago being the old- 
est and lowest, the westernmost the youngest and highest with active volcanoes. 
Furthermore, there are numerous coral reefs, partly covered with sand cays that do 
not rise more then a few metres above sea level. Most of them are sitiiated north of 
Madagascar, with the volcanic archipelagos being part of the Republic of the Sey¬ 
chelles. All islands are situated within the tropies, between 3° and 26°S. 

The first report on a Chrysopid from the Madagascan subregion was by BUR- 
MEISTER ( 1 839), who described Chrysopa variegata from the Comoros. In 1 842, 
Rambur described Chrysopa hrevicollis from Mauritius. {Chrysopa maitricianus 
Rambur from Mauritius is a synonym of the Palaearctic C. pallens, the citing be¬ 
ing incorrect). Van DER Weele (1909/;) described Leucochrysa voeltzkowi from 
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Mayotte and named C. congrua from Moheli. Between 1908 and 1940, NavAs de- 
scribed 34 species from the subregion: 19 were later synonymised. In addition, he 
recorded several new localities. 

The first survey of the islands (Esben-PetersEN 1927) listed 13 chrysopids 
from the Seychelles. He described C. scotti, C. lauta and four species that were 
later identified as synonyms. Tjeder (1966) recognised several synonyms. Fraser 
(1951) described four new species from Madagascar and named only seven Chry- 
sopidae in an overview of all Neuroptera known from Madagascar at that time. In 
1952 he described Ankylopteryx tanana from the same island, and 1957 he added 



H Granitic islands of Inner Seychelles 

'k Volcanic islands 

• Coral-reef islands or sand cays on sea-level reefs 
Fij». 1. The archipelagos of the Madagascan subregion (after White 1983, modified and completed) 
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Chrysopa insulata from La Reiinion. Srmeria and QUILICI (1986) repoited col- 
lection dates of six species from the same isiand. HOLZRI. and DUELLI (1990) pro- 
vided a general review ofall 31 described nominal species from Madagascar and 
recorded collecting dates of nine species from the isiand. 

In 1992, HOLZEL and Ohm piiblished an overview of 39 chrysopid species 
from the whole Madagascan subregion and recognised numerous synonyms. Since 
then, the Seychelles, Mascarene isiands La Reunion, Mauritius and Rodriguez, as 
well as the Comoro isiands Cnande Coinore, Moheli and Mayotte have been visited 
several times by one or both authors. New species have been described and new 
synonyms recognised (HOLZEL 1991, 1992, HOl.ZEL & OUM 1991, 1995, 2000, 
Ohm & HOLZEL 1995, 1997, 1998). Oniy Madagascar and the Comoro isiand of 
Anjouan, where not visited, and Moheli was onIy investigated for a few days. 
These visits greatly increased oiir knowledge of the composition and distribution 
patterns of the Madagascan chrysopid fauna. 

The materiai used in this study (pailly impublished) is deposited in the col- 
lections of H. HOl.ZEI., P. OlIM and CiRAD St. Pierre/La Reunion (S. QUILICI & J. 
F. Vayssieri:vS). On a few occasions, on the isiands of La Reunion, Moheli and 
Cirande Comore, we found singie females and one immature male, apparently be- 
longing to undescibed species. 

All literature pertaining to the family Chrysopidae in the Madagascan subre¬ 
gion is cited here. Records of localities from the African continent can be found in 
recent compilations that are also cited. 


CATALOGUK OF CHRYSOPIDAK 
OFTHE MADACiASCAN SUBRECdON 

Subfamily APOCHRYStNAE 

Anapochrysa voeltzkowi (VAN DER WeeLE, 1909) 

Leucochrysa voeltzkowi VAN DER WEELE, I9()9a: 67 (odcscr); Fraser 1951 (distr). 

Oligocfirysa voeltzkowi (VAN DER WEELE): ESBEN-PETERSEN 1927 (comb, list). 

Anapochrysa africana KiMMiNS, 1952: 933 (odcscr); Tjeder 1966 (rcdcscr); ItOLZEL <V OUM 1992 
(syn). 

Anapochrysa voeltzkowi (Van DER Weele): 1 lOLZEL & DUELLi 1990 (comb); l tOL/EJ. OliM 1992 
(syn, distr); OllM & IlOLZEL 1998 (distr). 

Madagascar and the Comoro isiands Mayotte, Moheli and Grande Comore; on the continent Irom 
the Western Cape Provincc northward to Kcnya and Sao t home (Tjeder 1966, Ohm & 11(jLZEL 1998). 
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Subfamily CHRYSOPINAE 
Tribe Ankylopterygini 

Ankylopteryx alluaudi Navas, 1910 

Ancylopteryx alluaudi Navas, 1910: 50 (odcscr); Esben-Petersen 1927 (list, distr). 
Ankylopteryx alluaudi Navas: Holzel & Ohm 1992 (distr, list); Ohm & HOLZEL 1995 (distr). 
Ancylopteryx delicata}^ kV ks, 1935: 62 (odescr); HOLZEL & DuELLi 1990 (list); Holzel 1992 (syn). 
Leiicochrysa octopunctata Fraser, 1951: 26 (odescr); Holzel & Duelli 1990 (comb, distr); 
Holzel 1992 (syn) 

Found on the Central Seychelles islands Mahe, Silhouette, La Digne and on Madagascar. 
Ankylopteryx pallidula Tjeder, 1966 

Ankylopteryx pallidulaTmY^EYK, 1966: 501 (odescr); Holzel 1992 (syn); Ohm & Holzel 1998 (distr). 
Ankylopteryx pellucida Tjeder, 1966: 502 (odescr); Holzel 1992 (syn). 

Ankylopteryx grata Tjeder, 1966: 504 (odescr); Holzel 1992 (syn). 

Comoro islands Mayotte, Moheli and Grande Comore; in Eastern Africa known from Kwa 
Zulu Natal, Mpumulanda, Mozambique (Tjeder 1966) Tanzania and Ethiopia (Holzel^/ cd. 1999) 
(see Fig. 2). 


Ankylopteryx tanana FRASER, 1952 

Ankylopteryx tanana Fraser, 1952: 142 (odescr); Holzel & Duelli 1990 (list); Holzel 1992 (list); 
Holzel & Ohm 1992 (distr, list). 

Only known from Madagascar. 

Parankylopteryx multipunctata (FRASER, 1951) 

Leiicochrysa multipunctata Fraser, 1951: 29 (odescr); Holzel & Duelli 1990 (list). 
Parankylopteryx multipunctata (Fraser): Brooks & Barnard 1990 (comb); Holzel 1992 (list); 
Holzel & Ohm 1992 (list). 

Only known from Madagascar. 


Tribe Belonopterygini 

Chrysacanthia varicella (FRASER, 1951) 

Nesochrysa varicella Fraser, 1951: 29 (odescr); Holzel & Duelli 1990 (list) 

Glenochrysa varicella (Fraser): Fraser 1950 (comb). 

Chrysacanthia varicella (Fraser): Brooks & BARNARD 1990 (comb); HOLZEL & Ohm 1992 (list). 
Only known from Madagascar. 
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Italocfirysci houeti (Navas, 1927) 

Nothochrysd houeti Navas, 1927: 24 (odeser); HOLZEL & DUELLl 1990 (list). 

Nothnchrysa cruciata NavAs, 1935: 63 (odeser); HOLZEL & Ohm 1992 (syn). 

Italochrysa houeti (Navas): Holzel & Duelli 1990 (comb); Holzel & Ohm 1992 (list). 

Only known from Madagascar. 



Fig. 2. Recorded distribiilion o\' Ankylopteryx pallidula Tjeder 
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Italochrysa limbata (Navas, 1924) 

Nothochrysa limbata Navas, 1924; 1 13 (odescr). 

Nothochrysa cornuta NavAs, 1935: 64 (odescr); HoLZEL & Duelli 1990 (comb); Holzel & Ohm 
1992 (syn). 

Italochrysa limbata (Navas); Holzel & DUELLi 1990 (comb); Holzel & Ohm 1992 (list). 

Only known from Madagascar. 

Italochrysa madagassa HOLZEL et Ohm, 1995 

Italochrysa sp. HOLZEL & Ohm 1992 (list). 

Italochrysa madagassa HOLZEL & Ohm, 1995: (odescr). 

Only known from Madagascar. 

Italochrysa nossibensis (Navas, 1928) 

Nothochrysa nossibensis Navas, 1928: 113 (odescr). 

Italochrysa nossibensis (Navas): Holzel & DUELLI 1990 (comb); HOLZEL & Ohm 1992 (list). 
Only known from Madagascar. 

Italochrysa variegata {BVRMEISTER, 1839) 

Chrysopa variegata BURMEISTER, 1839: 981 (odescr). 

Nothochrysa variegata (BURMEISTER): Esben-Petersen 1927 (comb, list). 

Nothochrysa sordidata NavAs, 1908: 404 (odescr); Esben-Petersen 1927 (syn); Holzel & Duelli 
1990 (list). 

Italochrysa sordidata (NavAs): Brooks & Barnard 1990 (comb). 

Italochrysa variegata (BURMEISTER): Tjeder 1996 (redescr, comb, distr); HOLZEL & Ohm 1992 
(list); Ohm & Holzel 1998 (distr). 

Madagascar and the Comoro island Anjouan; in Eastern Africa from South Africa to Ethiopia 

(Holzel, Ohm & Duelli 1999). 

Nesochrysa grandidieri NavAs, 1910 

Nesochrysa grandidieri NavAs, 1910: 53 (odescr); Esben-Petersen 1927 (list); HOLZEL & DuELLi 
1990 (list); Holzel & Ohm 1992 (list). 

Madachrysa seyrigi NavAs, 1934: 62 (odescr); Fraser 1955 (fig); Tjeder 1973 (redescr, distr); 
Holzel & Duelli 1990 (list); Holzel & Ohm 1992 (syn). 

Only known from Madagascar. 

Nesochrysa marginata (NavAs, 1912) 

LeLicochrysa marginata 1912: 100 (odescr); Esben-Petersen 1927 (list). 

Nesochrysa marginata (NavAs); Brooks & Barnard 1990 (comb); HOLZEL & Ohm 1992 (list). 

Only known from Madagascar. 
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Tribc Chrysopini 

Apcrtochrysa eiirydcni (NavaS, 1910) 

Chrysopa eiirydeni NavAs, 1910: 43 (odcscr); Esben-Petersen 1927 (lisl); II 0 LZEL& Duelli 1990 
(lisl). 

Chrysopa madegassa Navas, 1921: 69 (odcscr); Esben-Petersen 1927 (list); IIOLZEL & DUELLi 
1990 (list); HoLZEL & Ohm 1992 (syn). 

Chrysopa ictericus Esben-Petersen, 1927: 450 (odcscr); HOLZEL & Ohm 1992 (syn). 

Chrysopa crassinervis Esben-Petersen, 1927: 452 (odcscr); HOLZEL & OlIM 1992 (syn). 
Apcrtochrysa sp.: HOLZEL & DUELLI 1990 (distr). 

Apcrtochrysa eurydcra (Navas): IIolzel & OUM 19916 (distr), 1992 (comb, distr), ; OllM & 
Molzel 1995 (distr), 1997 (di.str), 1998 (distr). 

Scychcllcs: ccntral islands Mahc, Silhoiicttc and Praslin; on coral rccfs of Amirantcs (D'Arros 
Isi.) and Aldahra (Isi. Picard). Macarcnc islands Rodrigiicz, Mauritius and La Rciinion; Madagascar 
and thc Comoro islands Mayottc, Mohcli and Grande Comorc. On the continent from South Africa 
northward to Senegal and Somalia (IIolzel et ai 1997). 

Borniochfysa sc/uamosa (TJEDER, 1966) 

Chrysopa (Suarius) squamosa Tjeder, 1966: 377 (odcscr). 

Suarius squamosus (Tjeder): Semeria & QUILICI 1986 (comb, distr); I lOLZEL & DUELLi 1990 (distr). 
Horniochrysa squamosa (Tjeder): Brooks & Barnard 1990 (comb); IIOLZEL & OllM 1991/? 
(distr), 1992 (list); Ohm & IIolzel 1995 (distr), 1997 (distr), 1998 (distr). 

Mascarene islands Mauritius and La Rcunion; Madagascar and thc Comoro islands Mayottc 
and Grande Comorc. In thc Eastcrn part of thc continent from thc Western Cape Provincc to Ethiopia 
(Holzel et ai 1999) in Western Africa oniy known from Senegal (IIOLZEL et ai 1994); St. Helena 
(Tjeder 1976) (scc Fig. 3). 

lirinckochrysa lauta (ESBEN-PETERSEN, 1927) 

Chrysopa lauta Esben-Petersen, 1927: 451 (odcscr); IIolzel & Ohm 1992 (list). 

Neda decaryella\S\vk^, 1933«: 106 (odcscr); I I 0 LZEL& DUELLi 1990 (list); Holzel & Ohm 1992 
(syn). 

Neda pictella Navas, 1933«: 107 (odcscr); Holzel & Ohm 1992 (syn). 

Chrysopa sobria Navas, 1933/?: 110 (odcscr); HoLZEL & DUELLi 1990 (list); FIOLZEL & Ohm 1992 
(syn). 

Chrysopa goniophora Navas, 1935: 59 (odcscr); IIOLZEL & Duelli 1990 (list); Holzel & Ohm 
1992 (syn). 

Chrysopa (Hrinckochrysa) rnichaelseni auct. (nec Esben- Petersen); Tjeder 1966 part., fig. 
1247-1253 (distr). 

lirinckochrysa spcc.: SEMURIA & QuiLICI 1986 (distr). 

lirinckochrysa goniophora (Navas): Brooks & Barnard 1990 (comb): IIOLZEL & DUELLi 1990 
(distr); Holzel & Ohm 1992 (syn). 

lirinckochrysa decaryella (Navas): Brooks & Barnard 199() (comb); IIOLZEL & Ohm 1991b 
(distr), 1992 (syn). 
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Bhnckochrysa lauta (Esben-Petersen): Brooks & Barnard 1990 (comb); HOLZEL & Ohm 1992 
(list); Ohm & Holzel 1995 (syn, distr), 1997 (distr), 1998 (distr). 

Central Seychclles islands Mahe and Long Island; Mascarenc islands Mauritius and La Reunion; 
Madagascar and Mayotte. Outsidc the Madagascan region found only once in Kwa Zulu Natal. 

Brinckochrysa pulchella HOLZEL, 1987 

Bhnckochrysa pulchella HoLZEL, 1987: 266 (odescr); Holzel & Ohm 1992 (distr). 

Madagascar; on the continent in South Africa (Holzel 1987) and Namibia(Hc)LZELerfl/. 1997). 



Fig. 3. Recorded distribution oi' Borniochrysa squamosa (Tjeder) 
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Hrinckochrysd stcnoplera (Navas, 1910) 

Chrysopa stenoptcrci Navas, 1910: 46 (odcscr). 

Chrysopa (Ihinckochrysa) stcnoplera (Navas): 4'JEDER 1966 (rcdcscr., comb, dislr). 
Hrinckochrysdstenoptera {^^AWAS): I loLZEL 19S7 (conib, syn, dislr); I lOLZEL ^ OllM 1992 (dislr). 

Madagascar; on ihc conlincnl kiiown from Wcslcrn Cape Provincc lo Norlhcrn Proviiicc, Zim- 
babwc, Mocanibiquc and Somalia, in Namibia, Nigeria, Gambia and Senegal (Tjeder 1966,1 lOLZEL 
1987, HOLZEL Ohm 1991 a, IIOLZEL, OiiM & Stelzl 1994). 

Ccralochrysd antica (WalKER, 1853) 

Chrysopa antica Walker, 1853: 270 (odcscr). 

Chrysopa nesaca Navas, 1911: 268 (odc.scr); E.sben-Peter.sen 1927 (lisl); Barnard Brook.s 
1984 (.syn). 

Chrysopa inaecpialis Nava.s, 1912: 103 (odc.scr); E.sben-Peter.sen 1927 (syn); Barnard & Brook.s 
1984 (syn). 

Ccratochrysa antica (Walker) Barnard & Brooks 1984 (rcdc.scr, Ihoroiigh .syn, dislr); I lOLZEL & 
Ducli 1990 (di.str); IIOLZEL & Ohm 1991/7 (dislr), 1992 (lisl); Ohm & Holzel 1997 (di.slr), 
1998 (di.slr). 

Mascarene islands Mauriliiis and La Rciinion, on Madaga.scar and ihc Comoro islands 
Mayollc, Mohcli and Grande Comorc. In Easlcrn Africa from Norlhcrn Provincc, Soiilh Africa lo 
Uganda, in Wcslcrn Africa from Namibia lo Senegal (Barnard Sl Brooks 1984, Holzel, Ohm & 
.Stelzl 1994, 1997). 


Ccratochrysa disparilis (Navas, 1934) 

Cintameva disparilis Navas, 1934: 61 (odc.scr). 

Ccratochrysa disparilis (Navas): Barnard & Brooks 1984 (rcdcscr, comb, di.slr); Holzel 
Duelli 1990 (lisl); Holzel & Ohm 1992 (lisl). 

Only foiind on Madaga.scar. 

Chrysemosa nmhralis (Navas, 1933) 

Chrysopa nmhralis NavAs, 1933r/: 21 1 (odc.scr). 

Suarius umhralis (Navas): Holzel & DUELLI 1990 (comb, dislr). 

Chrysemosa umhralis (NavAs): Brooks <& Barnard 1990 (comb); Holzel & Ohm 1991/7 (di.slr), 
1992 (li.si); Ohm & Holzel 1997 (dislr), 1998 (di.slr). 

Known from ihc Ma.scarcnc islands Mauriliiis and La Rcunion; from Madaga.scar and ihc 
Comoro islands Mayollc, Mohcli and Grande Comorc (.scc Fig. 4). 

Chrysopcrla hrcvicollis (RambuR, 1842) 

Chrysopa hrcvicollis Rambur, 1842: 427 (odc.scr). 

Chrysopcrla hrcvicollis (Rambur): Holzel & OllM 1991/7 (di.slr), 1992 (lisl); OllM & IIOLZEL 1997 
(lax, di.slr), 1998 (di.slr). 

Chrysopcrla pudica aucl.(ncc NavAs): Brooks 1994 (tax). 


Acta 7 ool. han^. 4S (Suppi. 2), 2002 



238 


OHM, P. & H. HOLZHL 


Only knowii from ihc Mascarcnc islands Maiiritius and La Reunion. 

Chrysoperlci corii’nui (Walker, 1853) 

Chrysopa congrua Walker, 1853: 238 (odcscr); Van DER Weele 1909b (distr); Fraser 1951 
(distr). Chrysopa acutclla Navas, 1933/;: 209 (odcscr); Holzel 1989 (syn); Holzel & 
Duelli 1990 (list). 

Chrysoperlci congrua (WALKER): Semeria & QuiLici 1986 (distr); Holzel & Ohm 1992 (list); Ohm 
& Holzel 1997 (distr), 1998 (distr). 

In thc subregion found on La Reunion, Madagascar, Anjouan and Moheli. On the continent 
spread from the Western Cape Province to Principe Islands and Sierra Leone, in Eastern Africa north- 
ward to thc Republic of Sudan (Holzel & Ohm 199L/), in Arabia in Oman and Yemen (Holzel 
1995) and on islands in thc Pacific Occan (Brooks 1994). 



Fi". 4. The rccordcd distribution of Chrysetnosa umhralis (Navas) 
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Chrysoperki dccarycimi (NAVAS, 1934) 

Chrysopci tlccarycma Navas, 1934: 60 (oclcscr); HOLZEL ik DUELLI 1990 (lisl). 

Chrysoperki dccaryaua (Navas): IIolzel 1989 (redeser, comb); IIOLZEL & OllM 1992 (lisl); 
Brooks 1994 (tax). 

Known only from Madagascar. 

Chrysoperki insukito (F^'RASER, 1957) 

Chrysopci insulata Fraser, 1957: 26 (odeser). 

Chrysoperki insulata (Fraser): Brooks & Barnard 1990 (comb); IIolzel &. Ohm 1991/? (disir), 
1992 (lisl); Brooks 1994 (lax); OiiM & IIolzel 1997 (distr). 

Knowii only from I>a Rcunion. 

Chrysoperki volcanicola IIOLZEL, OllM cl DUEl.LI, 1999 
Chrysoperki volcanicola IIOLZEL, OllM cl DuELLl 1999: 355 (odeser). 

Orande Comore; on Ihe conlinenl known from Flhiopia. 

Dichochrysa decaryna (Navas, 1924) - comb. ii. 

Chrysopci decaryna Navas, 1924: 267 (odeser) 

Mallada decaryna (Navas): lloLZEL & DUELLl 1990 (distr). 

Malkida decarynus (Navas): IIOLZEL & OllM 1992 (lisl). 

Only known from Madagasear. 

Dichochrysa duplicata duplicata (NAVAS, 1934) 

Chrysopci duplicata NavAs, 1934: 57 (odeser); 1I()LZEL & Duelli 1990 (lisl) . 

Chrysopci cliploa Navas, 1935: 60 (odeser); IloLZEL OllM 1992 (syn). 

Mallada cliploa: IIOLZEL & DUELLi 1990 (eomb, disir). 

Mallada duplicata {Naw AS): Brooks & Barnard 1990 (eomb); IIolzel &Ohm 1991 (disir); 1992 
(lisl). 

Dichochrysa duplicata duplicata (Navas): IlOLZEL Sl OllM 2()()() (lax, disir). 

The sub.spceics is known only from Madagasear (sce Fig. 5). 

Dichochrysa duplicata niascarenica 1 lOLZEL cl OllM, 2000 

Mallada duplicata (Navas): IIolzel & OllM 1991/? (disir). 

Dichochrysa duplicata (Navas): OllM &. lk)LZEL 1997 (eomb, disir). 

Dichochrysa duplicata niascarenica llOLZEL & OllM, 2()()() (slat., odeser). 

The subspeeies is known from llic Masearenc Inslands La Rcunion and Maiirilius (sec Fig. 5) 

Dichochrysa duplicata polyneiira (NavaS. 1940) 

Cintanieva polyneura Navas, 1940: 100 (odeser). 
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MclUadci polyneiirus (Navas): Brooks & Barnard 1990 (comb); Holzel & Ohm 1992 (list). 
Dichoclirysa duplicata Navas: Ohm & Holzel 1998 (distr). 

Dichochrysa duplicata polyneura (Navas); Holzel & Ohm 2000 (stat, rcdescr). 

The subspccies is known IVom the Comoro Islands Mayotte, Mohcli and Grande Comore (see 
Fig. 5). 


Dichochrysci hamata (Tjeder, 1966) - comb. n. 

Chrysopa (Anisochrysa) hamata Tjeder, 1966: 434 (odescr). 

Mallada hamatus (Tjeder): Holzel & Duelli 1990 (distr); Holzel & Ohm 1992 (list). 

In the sLibrcgion on Madagascar, on the conlincnt from Kwa Zulu Natal (Tjeder 1966) and 
Northern Province of South Africa (unpubl.). 
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Dic/iochrysa luindscliini (Navas, 1929) 

Chrysopa handschini Navas, 1929/x 444 (odcscr). 

Cintameva cdliiaiidi Navas, 1930: 8 (odcscr); Holzel & Ohm 1992 (syn). 

Chrysopa (Anisochrysci) handschini (Navas): Tjeder 1966 (rcdcscr, distr). 

Mallada handschini (Navas): Brooks & Barnard 1990 (comb); HoLZEL & Ohm 1992 (lisl). 
Dichochrysa handschini (Navas): IIolzel & Omm 1997 (comb, distr). 

In thc subrcgion known from Maurilius; in Eastcrn Africa from thc Western Cape Provincc to 
Ethiopia (IIOLZEL et ai 1999). 

Dichochrysa hospitalis I I()LZEL et Ohm, 1994 
Dichochrysa hospitalis HOLZEL & Ohm, 1995 (odcscr); Ohm & IIOLZEL 1998 (distr). 

Only known from thc Comoro Islands Mayottc and Grande Comorc. 

Dichochrysa incongrua (F^^RASER, 1951)- comb. n. 

Chrysopa incongrua Fraser, 1951: 25 (odcscr); IIOLZEL & Duelli 1990 (list). 

Mallada incongrua (Fraser): Brooks & Barnard 1990 (comb). 

Mallada incongruus (Fraser): IIolzel 8l Ohm 1992 (list). 

Only known from Madagascar. 

Dichochrysa inopinata I l()LZEL et OlIM, 1995 

Mallada hamatus auct. (nec Tjeder): IIolzel & OiiM 1990 (distr), 1992 (list). 

Dichochrysa inopinata lIOLZEL & OiiM, 1995: 1 13 (odcscr); OliM & Holzel 1997 (distr). 

Only known from La Rcunion. 

Dichochrysa luahoensis (TJEDER, 1966) - comb. ii. 

Chrysopa (Anisochrysa) luahoensis Tjeder, 1966: 457 (odcscr). 

Mallada luahoensis (Tjeder): Brooks & Barnard 1990 (comb); IIolzel & Ohm 1992 (distr). 

Known from Madagascar; on thc continent from Mozambiquc (Tjeder 1966) and Equatorial 
Guinca (IIOLZEL & MONSERRAT 1992). 

Dichochrysa mauriciana (I IDlzel et Ohm, 1991) 

Mallada mauricianus IIOLZEL & OiiM, 1991: 343 (odcscr); IIOLZEL & OiiM 1992 (list). 
Dichochrysa mauriciana: IIOLZEL & OllM 1997 (comb, distr). 

Only known from Mauritius 

Dichochrysa militaris I lOLZEL et OHM, 20(X) 

Dichochrysa militaris IIOLZEL & OlIM, 20(K) (odcscr). 

Only known from Grande Comorc. 
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Dichochrysa nicolaina (NAVAS, 1929) 

Clirysopa nicolaina Navas, 1929«: 361 (odescr). 

Chrysopa atomalis Navas, 1933/? (odescr); HoLZEL & Duelli 1990 (list); Holzel & Ohm 1992 
(syn). 

Clirysopa boiirgeonina NavAs, 1936 (odescr); Holzel & Ohm 1991 a (syn). 

Chrysopa (Anisochrysa) hourgeonina (Navas): Tjeder 1966 (redcscr, distr). 

Mallada nicolaninus (Navas): Holzel & Duelli 1990 (distr); Holzel & Ohm 1991« (syn, distr), 
1992 (distr). 

Dichochrysa nicolaina (Navas): Holzel 1995 (comb, distr); Ohm & Holzel 1998 (distr). 

In the subregion on Madagascar and Mayotte; spread over the African ontinent from the West¬ 
ern Cape Province to the Cape Verde Islands, in Eastcrn Africa to the Republic of Sudan, Somalia 
and Ethiopia (Holzel et ai 1999), also in Southern Arabia (Holzel 1995). 

Dichochrysa raedarii HOLZEL et OlIM, 2000 
Dichochrysa raedarii HOLZEL & Ohm, 2000 (odescr). 

Known only from Grande Comore. 

Dichochrysa setosa HOLZEL et OHM, 1995 

Mallada sp.: HoLZEL & Ohm 1992 (distr). 

Dichochrysa setosa HOLZEL & Ohm, 1995: 1 13 (odescr). 

Known only from Madagascar. 

Dichochrysa sjoestedti (Van DER WEELE, 1909) 

Chrysopa sjoestedti Van der Weele, 1909/?: 19 (odescr). 

Chrysopa (Anisochrysa) sjoestedti (Weele): Tjeder 1966 (redescr, syn, distr). 

Mallada sjoestedti (Van derWeele): Holzel & Ohm 1991« (comb, syn, distr). 

Dichochrysa sjoestedti (Van DER Weele): Ohm & Holzel 1998 (comb, distr). 

On the Comoro islands Mayotte, Moheli and Grande Comore; on the African continent from 
South Africa (Tjeder 1966) to Senegal (Holzel et ai 1994) and Ethiopia (Holzel et ai 1999). 

Glenochrysa insularis insularis HOLZEL, 1991 

Glenochrysa insularis HOLZEL, 1991: 80 (descr); Holzel & Ohm 1992 (list). 

Glenochrysa insularis insularis: HoLZEL & Ohm 2000 (redescr. ssp). 

The subspccies is found only on Madagascar (see Fig. 6). 

Glenochrysa insularis rnayottensis HOLZEL et OHM, 2000 

Glenochrysa insularis: Ohm & Holzel 1998 (distr). 

Glenochrysa insularis rnayottensis HOLZEL & Ohm, 2000 (odescr ssp). 

The subspecies is found only on Mayotte (see Fig. 6). 
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Glenochrysa insularis f^rancomorensis HOLZEL cl Ohm, 2000 
Glenocfirysa insularis grancomorensis HOLZEL & OnM, 20(K) (odcscr ssp). 

The subspccics is fouiid only on Grande Comore (see Pig. 6). 

Mallada desjardinsi (Navas, 1911) 

Chrysopa desjardinsi Navas, 1911: 267 (odeser); Esben-Petersen 1927 (list). 

Clirysopa honinensis Okamoto, 1914; 62 (odeser); H()LZEL & Ohm 1992 (syn). 

Chrysopa serrandi Navas, 1921: 70 (odeser); IIOLZEL & Ohm 1992 (syn). 

Clirysopa rutila Esben-Petersen, 1927: 453 (odeser); Tjeder 1966 (syn). 

Chrysopa jlavostigma Esben-Petersen, 1927: 451 (odeser); IlOLZEL&OuM 1992 (syn). 
Chrysopa inclinata Navas, 1934: 58 (odeser); Holzel & Duelli 1990 (list); IIolzel & Ohm 1992 
(syn). 
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Chrysopa (Anisochrysa) boninensis (Okamoto): Tjeder 1966 (redescr, syn, distr). 

Mallada boninensis (Okamoto):; Semeria & QuiLiCi 1986 (distr); Brooks & Barnard 1990 
(comb); Holzel & Duelli 1990 (distr); Holzel & Ohm \99\b (distr). 

Mallada desjardinsi (Navas): Brooks & Barnard 1990 (comb); HOLZEL & Ohm 1992 (syn); Ohm 
& Holzel 1995 (distr), 1997 (distr), 1998 (distr). 

Widesprcad and common in the subregion. Seychelles: In the Central group on Mahe, Long 
Isi., Silhouette, Praslin and the coral rccf Dennis Isi.; on the Amirantes (Coetivy) and on Aldabra. - 
On the Mascarene islands Rodriguez, Mauritius and La Reunion. On Madagascar and the Comoro is- 
lands Mayotte, Mohcli and Grande Comore. In the continent from the Cape to Senegal and Cape 
Verde islands, in Eastern Africa to Somalia and Ethiopia (Holzel et al 1997, Holzel et al. 1999). 
Eastward to islands in the Pacific Ocean (Tjeder 1966) (see Fig. 7). 
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Plesiochrysa litorosa (Navas, 1911) 

Chrysopa litorosa Navas, 1911:6 (odcscr); Esben-Petersen 1927 (rcdcscr, syn, distr). 
Chrysopa meriani Navas, 1925 (odcscr); Esben-Petersen 1927 (syn); MOLZEL & Ohm 1992 (syn). 
Plesiochrysa litorosa (N AVAS): Brooks & BARNARD 1990 (comb); llOLZEL & Ohm 1992 (lisl); Ohm 
& ilOLZEL 1995 (distr). 

Known from ihc ccnlral Scychcllcs on Mahe, Long Isl., Silhoucttc, Praslin, Maric Anne and 
on the coral rccf Dennis Isl.; in the Amirantes group the coral rcef Poivrc. 

Plesiochrysa scotti (ESBEN-PETERSEN, 1927) 

Chrysopa scotti Esben-Petersen, 1927: 449 (odcscr). 

Plesiochrysa scotti (Esben-Petersen): Brooks & Barnard 1990 (comb); Holzel & Ohm 1992 
(lisl); Ohm & Holzel 1995 (distr). 

Only known from the Scychcllcs islands Mahe, Praslin and La Digne. 


Species imdescribed 

Chrysoperla sp. (9 Grande Comorc). 

Dichochrysa 7 sp. 1 (cJ Grande Comorc). 

Dichochrysa 7 sp. 2 (9 Mohcli). 

Dichochrysa 7 sp. 3 (9 La Rcunion). 

Dichochrysa 7 sp. 4 (9 L-a Rcunion). 

Dichochrysa 7 sp. 5 (9 La Rcunion). 


DISCUSSION 

180 chrysopid species and subspecies are known from the entire Afrolropical 
region (HOLZEL & OHM 2002). 54, i.e. 30% of them occur also or live excliisively 
in the Madagascan subregion. Among these 54 taxa 37 (68%) are endemies of the 
siibregion (Table I), so that ca 20% of the whole Afrotropical chrysopid fauna con- 
sists of endemies of the Madagascan subregion. 

The fauna of the subregion is composed of different elements. The origin of 
the widespread species (Table 2) is exclusively the Afrotropical region, some dis- 
tributed over the whole continent (e.g. Borniochrysa squamosa, Fig. 3); others are 
restricted to Eastern Africa (e.g. Ankylopteryx pallidula, Fig. 2). Among the 
endemies, only Plesiochrysa scotti and P. litorosa, from the Seychelles, belong to 
the oceanica group of the genus Plesiochrysa, which is spread from Pacific islands 
and Australia to Southern India. 
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Table 1. Distribution of Chrysopidae endcmic in the Madagascan subrcgion (Up to now no endemic 
Chrysopidae were found on the islands of Anjouan and Rodriguez). GC: Grande Comore, MO; 
Moheli, MY: Mayotte, MA: Madagascar, RE: La Rcunion, MS: Mauritius, SE: Central Seychelles 


GC MO 

MY 

MA 

RE 

MS SE 

Plesiochrysa scotti 

- 

- 

- 

- 

# 

Plesiochrysa lite rosa 

- 

- 

- 

- 

#' 

Ankylopteryx alluaudi 

- 

- 

# 

- 

# 

Dichochrysa mauriciana 

- 

- 

- 

- 

# 

Chrysoperla insulata 

- 

- 

- 

# 

- 

Dichochrysa inopinata 

- 

- 

- 

# 

- 

Dichochrysa sp. 3 

- 

- 

- 

- 

# -2 

Dichochrysa sp. 4 

- 

- 

- 

- 

# -2 

Dichochrysa sp. 5 

- 

- 

- 

- 

# -2 

Chrysoperla hrevicollis 

- 

- 

- 

# 

# 

Dichochrysa duplicata mascarenica 

- 

- 

- 

# 

# 

Dichochrysa duplicata duplicata 

- 

- 

# 

- 

- 

Dichochrysa duplicata polyneura 

# # 

# 

- 

- 

- 

Dichochrysa sp. 2 

# 

- 

- 

- 

_ _2 

Dichochrysa hospitalis 

# 

# 

- 

- 

- 

Dichochrysa militaris 

# 

- 

- 

- 

- 

Dichochrysa raedarii 

# 

- 

- 

- 

- 

Dichochrysa sp. 1 

# 

- 

- 

- 

_ _2 

Chrysoperla sp. 1 

# 

- 

- 

- 

_ _2 

Glenochrysa insularis grane ornor ens is 

# 

- 

- 

- 

- 

Glenochrysa insularis mayottensis 

- 

# 

- 

- 

- 

Glenochrysa insularis insularis 

- 

- 

# 

- 

- 

Ankylopteryx tanana 

- 

- 

# 

- 

- 

Par ankylopteryx multipunctata 

- 

- 

# 

- 

- 

Chrysacanthia varicella 

- 

- 

# 

- 

- 

Italochrysa boueti 

- 

- 

# 

- 

- 

Italochrysa limbata 

- 

- 

# 

- 

- 

Italochrysa madagassa 

- 

- 

# 

- 

- 

Italochrysa nossibensis 

- 

- 

# 

- 

- 

Nesochrysa grandidieri 

- 

- 

# 

- 

- 

Nesochrysa marginata 

- 

- 

# 

- 

- 

Ceratochrysa disparilis 

- 

- 

# 

- 

- 

Chrysoperla decaryana 

- 

- 

# 

- 

- 
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Table 1 (conti nucd) 


CiC 

MO 

MY 

MA 

RE 

MS 

SE 

Dichochrysci decarynci 

- 

- 

- 

# 

- 

- 

- 

Dichochrysa incon^rua 

- 

- 

- 

# 

- 

- 

- 

Dichochrysa setosa 

- 

- 

- 

# 

- 

- 

- 

Chrysemosa umhralis 

# 

# 

# 

# 

# 

# 

# 


'AIso on thc Scychcllcs coral rccf gmup Amirantcs. 

^Thc spccics Chrysoperla sp. 1 and Dichochrysa sp. 1,2, 3, 4 and 5 arc availablc oniy as singlc fc- 
malcs rcspcclivc a vcry immature male. So they are not described hitherto. 


Tablc 2. Dislribution of Madagasean Chrysopidae not endemie in the subregion. SEY: Seychelles, 
MAR: Mascarene Islands, MAD: Madagasear, COM: Comoros, EA: Eastern Africa, AC; Wider 
spread on the African continent south ofSahara, PAZ: African continent and eastward to the Pacific 

Region 



SEY 

MAR 

MAD 

COM 

EA 

AC 

PAZ 

Ankylopteryx pallidula 

- 

- 

- 

# 

# 

- 

- 

Italochrysa variegata 

- 

- 

# 

# 

# 

- 

- 

Chrysoperla volcanicola 

- 

- 

- 

# 

# 

- 

- 

Dichochrysa sjoesiedti 

- 

- 

- 

# 

# 

# 

- 

Dichochrysa hamata 

- 

- 

# 

- 

# 

- 

- 

Dichoch rysa luahoensis 

- 

- 

# 

- 

# 

- 

- 

Dichochrysa handschini 

- 

# 

- 

- 

# 

- 

- 

Brinckochrysa pulchella 

- 

- 

# 

- 

# 

# 

- 

Brinckochrysa stenoptera 

- 

- 

# 

- 

# 

# 

- 

Anapochrysa voeltzkowi 

- 

- 

# 

# 

# 

# 

- 

1 dichoch rysa n icolaina 

- 

- 

# 

# 

# 

#' 

- 

Bo rn ioch rysa squam osa 

- 

# 

# 

# 

# 

# 

- 

Ceratochrysa antica 

- 

# 

# 

# 

# 

# 

- 

Brinkochrysa lauta 

# 

# 

# 

# 

# 

- 

- 

Apertochrysa eurydera 

#2 

# 

# 

# 

# 

# 

- 

Mallada desjardinsi 

#2 

# 

# 

# 

# 

# 

# 

Chrysoperla congrua 

- 

# 

# 

# 

# 

# 

#' 


'AIso in Southern Arabia 

^AIso on coral reefs of Amirantcs and Albardii 
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The chrysopid faima ofthe different archipelagos (Fig. 8) 

Only 6 chrysopid species are found in the Seychelles. The two endemic Ple- 
siochrysa species, A. alliiaudi (restricted to the subregion), Brinckochrysa lauta 
(also living in Eastern Africa), and the widespread species Apertochrysa eurydera 
and Mallada desjardinsi. The endemic species occur at all altitudes and the two 
widespread species are found only in lower sites near the coast and on some of the 
atolls. 



widespread 

species 


endemic 

species 


Fi}». 8. The chrysopid fauna in the different archipelagos 
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In the Mascarene archipelago the small Eastern islancl of Rodriguez was vis- 
ited in an unfavourable season and is poorly known. Only the two widespread spe¬ 
cies which occLir also on soine atolls were foiind. 

Mauritius reaches an altitude of 828 metres, in higher paits bearing some 
remnants of indigenous forests. The lower parts are intensively cultivated. The is- 
land harboLirs 6 widespread species and 4 endemics, among them Dichochrysa 
maiiriciana that is excliisive to this island. Chrysoperla hrevicollis and Dicho¬ 
chrysa duplicata rnascarenica are shared with La Reiinion, Chrysemosa umbralis 
with ali Madagascan archipelagos except the Seychelles (Fig. 4). 

La Reunion, the highest island of the archipelago, reaches 2632 metres. 
Higher paits and the moist southeastern slopes bear a partly distorted indigenous 
forest. In higher sites extensive heather formations are foiind. Besides the 2 
endemics shared with Mauritius, one shared with ali archipelagos except the Sey¬ 
chelles, the island harbours the endemic Chrysoperla insulata, Dichochrysa inopi¬ 
nata and 3 undescribed, probably endemic species, ali living mainly in higher or 
moist sites. The 6 species also living on the continent were found mainly in lower, 
cultivated aereas. 

Madagascar is by far the richest and most diverse of ali islands of the subre- 
gion. It harbours 31 chrysopids, including 18 endemic and 13 widespread species. 
Among 33 endemics of the whole subregion 16 are only known from this island. 

The high percentage of Belonopterygini ( with 45 species occuring in the en- 
tire Afrotropical region) in the fauna of this island is remarkable. Seven species of 
this tribe whose larvae probably live in the nests of ants or termites are endemic in 
Madagascar. The only other species of this tribe that is known from the subregion 
is Italochrysa variegata, which is widespread in eastern Africa. By contrast, only 7 
Chrysopini, a much more numerous tribe (with about 100 species in the entire 
Afrotropical region), are endemic here. One reason for this impression of the 
Madagascan fauna may be the intensity of work done in the island and the history 
of research. Research emphasising Neuroptera did not occur, but in the available 
material in museum collections the larger, more conspicuously coloured Belono¬ 
pterygini are overrepresented. 

The Comoro archipelago harbours 12 widespread and 10 endemic species or 
subspecies. C umbralis inhabits large parts of the subregion, while the other 9 oc¬ 
cur only in this archipelago, 5 of them only occur on the largest and highest island 
of Orande Comore. Glenochrysa insularis has developed the subspecies G. /. 
grancomorensis and G. i. niayottensis in Grande Comore and Mayotte respec- 
tively. 

Besides Glenochrysa insularis with two subspecies in the Comoros and G. i. 
insularis in Madagascar (Fig. 6), Dichochrysa duplicata is also represented in the 
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subregion with 3 subspecies: D. d. mascarenica on Mauritius and La Reunion, D. 
d. duplicata on Madagascar and D. d. polyneura on the Comoro islands Mayotte, 
Moheli and Grande Comore (Fig. 5). 

Among the 17 widespread species living in the subregion (Table 2), 7 occur 
on the continent only in eastern Africa. Among the remaining 10 species living in 
wider parts of the continent are several common species of ecological (e.g. Dicho- 
chrysa sjoestedti, Borniochrysa squamosa), sometimes also agronomical impor- 
tance {Apertochrysa eiirydera, Chrysoperla congrua Dichochrysa nicolaina, Ce- 
ratochrysa antica and Mallada desjardinsi). In the higher islands La Reunion and 
Grande Comore they occur mainly or exclusively in lower, cultivated areas. Some 
of them may be introduced by man via agriculture or fruit cultivation. 

Among the species also found on the continent, Ankylopteryx pallidula, 
Chrysoperla volcanicola and Dichochrysa sjoestedti reached only the Comoros, 7 
species Madagascar and 7 also the Mascarenes or even the Seychelles, among 
them all species of possibly economical value. Mallada desjardinsi is the most 
widespread species, from Southern Africa and the Cape Verde Islands (see HOL¬ 
ZEL et ai 1994, fig. 14) eastward to the Bonin Islands in the Pacific Ocean (see 
Tjeder 1966, fig. 1746) as well as in the Madagascan subregion (Fig. 7). 


Acknowledgements - Wc thank Ihe rcviewers for their comments on the manuscript and par- 
ticularly for the linguistic improveinent. 
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WHAT IS THH RHAL NAMK OF THH ITAIJAN ASCALAPHII)? 

Pantaleoni, R. a. and A. Letardi* 

Department of Piant Protection, Entomolo^ical Section, University ofSassari 
via Enrico De Nicola, 1-07100 Sassari, Italy: E-mail: r.pantaleoni@ss.cnr.it 
*ENEA, C.R. Ca.saccia, Via An^uillare.se 301, S.P. 046, 1-00060 S. Maria di Galeria 
Pome, Italy: E-mail: aletardi@ca.saccia.enea.it 

An endemie spccics of Ascalaphidac liviiig cxclusivcly iii the Ilalian peninsula has been 
namcd for over a eentury IJhelloides italicus FABRICIUS (1781). This is ihe case of a long- 
Icrm, establishcd, nonicnclalorial sitiialion which has apparcntly caused no problcms. IJnfor- 
lunalcly, P^ABRICIUS’ type docs not eorrespond lo the Ilalian asealaphid. Thus an old disjiule 
has been rc-opened and so the ehronology concerning it are discussed. 

In conclusion, Ascalaphus italicus FABRICIUS, 1781 is a junior synonym of Lihelloides coc- 
cajus (I Denis & SCIIIFFERMULLER|, 1775) (syn. n.) and a senior synonym A.scalaphus 
meridionalis DECiiarpentier, 1825. There are two possiblc nanies for the Ilalian asealaphid: 
Lihelloides latinus (LEFEBVRE, 1842) (comb. n.), ihal is iis valid namc, and A.scalaphus 
peta^nae CoSTA, 1855 which is its Junior synonym. 

Kcy words : Ascalaphidac, Ilaly, nomenelalurc 


INTRODUCTION 

Both the aulhors have always paici particular attenlion to Ihe chorological 
data deriving from ancient bibliographical sources, checking them with direct and 
indirect niethods. This inforniation allows a comparison between past and present 
geographic distribiitions evaliiating any modifications in local faiina. 

While looking at the problenis involved in interpreting old references, LC- 
TARDI (1995) clearly demonstrated that there was considerable confusion in the 
nomenclatiire of the asealaphids qiioted in Italy, at least iip to the last decades of 
the 19th eentury. Siibseqiiently, on analysing the work of the Neapolitan entoniol- 
ogist AcilILLF Costa, Pantalp:()NI (1999) found traces of past controversy. 

In particular, it seemed that Lihelloides italicus FABRICIUS (1781) was not, as 
had been believed for more than a eentury, the denomination of the Italian endemie 
species of Ascalaphidae (strictly confined to the peninsula) but a junior synonym 
of the Central European species Lihelloides coccajits (|I)FNIS et SciiiffermOl 
LI:r|, 1775). The “case” was worth investigating. 
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DISTRIBUTION OF THE ITALIAN ASCALAPHID 

In the Italian peninsula an endemic species of Ascalaphidae typically colo- 
nises the natural and senii-natural dry grasslands inside the hili vegetation belt 
(200-600 m) (ASPOCK (7/. 1980, Pantaleoni 1990<^, 1990/?, Letardi 1998). 

The geographical distribution ofthis taxon appears very defined. Even if list- 
ing only the material personally seen by the authors, unpublished or published 
(Pantaleoni 1986, 1988, 1990a, c\ d, Letardi 1991, 1998, Pantaleoni et ai 
1994, Bernardi Iori et al. 1995, LETARDI & PANTALEONI 1996, Pantaleoni & 
Letardi 1998, Letardi 2000), the species is repoited in ali theregions of the Ital¬ 
ian peninsula and is limited to the north by the hilis that face the Pianura Padana in 
Emilia-Romagna, and to the west by the hilis of the province of Savona in Liguria. 

Some bibliographic reports about collecting sites in the Alpine chain (LaZ- 
ZARINI 1896, Castellani 1958) are very dubious and almost certainly wrong 
(Letardi 1995). 

On checking the two main Turin collections known to us, those at the Re- 
gional Natural Science Museum (where all the historical entomological collections 
previously stored at the University are kept) and in the entomological section of the 
“Dipartimento di Valorizzazione e Protezione delle Risorse Agroforestali” (ex 
Istituto di Entomologia agraria) of the Agricultural Eaculty, not one specimen of 
Italian ascalaphid from Piedmont was discovered. 


THE EABRICIUS TYPE 

Fabricius described Ascalaphus italiciis in 1781, with the sentence “Habitat 
in Italia Dr. Allioni”, basing this on one or more specimens sent to him by the Ital¬ 
ian entomologist Carlo Alltoni. 

Carlo Allioni (1728-1 803) was a physician. Professor of Botany at Turin 
University and Director of the Turin Museum, treasurer of the Royal Academy of 
Science. He also spent many years studying entomology, assembling a conspicu- 
OLis insect collection (Gliozzi 1960, POGGI & CONCi 1996). According to the little 
Information we have, he only collected insects in Piedmont, perhaps only near Tu¬ 
rin (Passerin d’Entreves 1983). 

ZiMSEN (1964: p. 612, n. 68) stated the type ofthis taxon is in the collection 
“Kiel”. This specimen is now in the Zoological Museum, University of Copenha- 
gen, and thanks to Dr. N. P. Kristensen, Professor of Systematic Entomology at 
the Zoological Museum, University of Copenhagen, we are able to obtain a photo 
(Fig. 1/;). It is without doubt a L. coccajus. 
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As Dr. Kristhnsen wrole to iis, “Ihe pholographed specimen is the only one 
under that name in the Kiel collection drawer, and it bears the label ‘italicus’ writ- 
ten in what is believed to be Fabricius’ own handwriting. It cannot be doubted, 
then, that the specimen in question at least corresponds to his concept (or memory) 
of that species”. 

According to TUXEN (1967) ‘‘Fabricius did not have the concept ot' type 
specimens that we use today”. Therefore, it is possible, but no longer provable, that 
other examples were present in the AleionFs collection which was destroyed by 
Tire (POGGI & CONCI 1996). Neveitheless, as did TUXEN (1967), ZiMSEN (1964) 
“realised that in the locality-collector reference FABRICIUS might give only the lo- 
cality and collector (e. g. “in Italia Dr. Allioni”), or he might add: “Mus.” and then 
a name (Mus. Dom. de Bosc; Mus. Dom. Banks; Mus. Dom. Iaind; etc.). From this 
she inferred, though it is nowhere stated explicitly in his books, that in the latter 
case he had described the species on materiai in other people’s collections, while in 
the first case the “type specimen” was to be found in his own collection. Her work, 
based on this axiom, showed this to be the case.” 


THE HISTORICAE “CASE” 

Eigures in PETAGNA (1786) \siih Ascalaphus barhanis] (fig. \d) and in 
CiRILLO (1787-1792) \siib Ascalaphus Italicus] (fig. Ic^) are the first descriptions 
of the Italian ascalaphid. Once again PETAGNA (1792) first distinguished the Ital- 
ian ascalaphid, as Ascalaphus barbarus, from the Central European taxon \L. 
coccajiis], he named it Ascalaphus italicus. The works of the two Neapolitan au- 
thors have had neither a fair diffusion among scientists of that period nor an ade- 
quate recognition by them. Therefore the “case” staited with the publication of 
“Horae Entomologicae” by DE ClIARPENTIER (1825). 

This author was able to distinguish the Italian endemic species from the Cen¬ 
tral European one with a masteiiy comparative description strengthened by the 
publication of two beautiful colour figures (Eig. 1/ and \k). The specimens of one 
of the two species came from Pisa (Tuscany, Central Italy), the others from Spain. 
He gave the name ''italicus^' to the Italian specimens and attributed the new name 
''meridionalis'' to the others, but he did not justify his choice by stating the geo- 
graphic origin. He supplied a bibliography of authors who had distinguished 
"utramque speciem pro una eadamque", and asserted that he believed that all cited 
figures (SCMAFZEEER 1763, 1766<7, b |Eig. la|, SULZER 1776, Panzer 1796 [Fig. 
1^(>|, Dumeril 1823 |Fig. 1/1), with one exception (Latreille 1805 |Fig. 1/?]), be- 
longed io Ascalaphus italicus (sensu DE ClIARPENTIER) due to the yellow spots on 
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the thorax, although the ‘‘alarum figura seu amhitir was more similar to Ascala¬ 
phus meridionalis. 

About fifteen years after, BURMEISTER (1839) rejected such a choice of 
names and considered Asc. meridionalis as synonymous of Asc. italicus and Asc. 
italicus sensu DE Charpentier as synonymous of/\.sr. lacteus [now Lihelloides 
ottomanus (Germar, 1817)]. It appears evident from the text that, according to the 
German author, the yellow spots on the thorax could not be considered characteris- 
tic, indeed he attributed to both the colour “niger, thorace flavo-guttato'\ 

A few years later, Lefebvre ( 1 842) joined in the debate with a single phrase 
loaded with consequences: “Je crois aussi que M. Burmeister ferait mieux de ne 
pas confondre the Lacteus de Brulle avec Mon Latinus {VItalicus de Chaip.)”* 
Actually he found that the Italian ascalaphid was a different species from Asc. 
lacteus and, since it was stili without a name, called it Ascalaphus latinus. 

Immediately afterwards, Rambur (1842), who knew the work of LEFEBVRE 
(cfr. p. 341) and was in strong contrast with him on other issues (cfr. footnote page 
XIII), accepted the opinion of DE CHARPENTIER, but was evidently reluctant to 
make this resolution. In fact in the attached tables the figure of the Italian 
ascalaphid (Fig. 1/) appears with the new name of Ascalaphus petagnae. In the 
text, Lindoubtedly completed after the figures, Rambur disowned such a name (“La 
figure poite par erreur le nom de Petagme.'' cfr. p. 346) adopting instead Asc. 
italicus. He justified his choice “parce qu’il Tavait regu d’Italie, ou le Meridionalis 
ne parait pas se truver.” To this last species he attributed a distribution centred in 
Southern France, not beyond the Pyrenees to the west and “ni s’avancer beaucoup 
en Italie” to the east. However, Rambur didn’t blindly agree with the opinions of 


-► 

Fig. 1. - First illustrations. a = Lihelloides primus femina |sic!] tab. L fig. II in SCHAEFFER, 1766 
[editio 1791 I; h = Ascalaphus italicus FABRICIUS, 1781 typus [photo KristensEN]; c = Ascalaphus 
italicus tab. XXV fig. 4 in ROEMER, 1789 |= SULZER, 1776 ?]. The true Italian Ascalaphid: d = 
Ascalaphus barbarus fig. XXII in Petagna, 1786 [editio nova cum XXXVUI iconibus ad naturam 
coloratis, Lipsiae, apud loannem Sommer, 1808\\ e = Ascalaphus italicus tab IX l'ig. 9 in CiRILLO, 
1787-1792; f = Ascalaphus barbarus tab. 57 fig. 5 in DUMERIL, 1823. A.scalaphus italicus sensu 
antiquo: g = Ascalaphus italicus heft III n. 23 in Panzer, 1796; h = Ascalaphus italicus tab. XCVII 
(bis) fig. 3 in Latreille, 1805; i = Ascalaphus italicus heft 7 fig. 1 in Labram & IMHOFF, 1836. 
The debate: J = Ascalaphus meridionedis tab. II fig. 8 vs. k = Ascalaphus italicus tab. II fig. 9 in de 
Charpentier, 1825; 1 = Ascalaphus petagnae \= A.sccdaphus italicus in text] tab. 9 fig. 3 in 
Rambur, 1 842; m = Ascalaphus itcdicus v. leucocelius tab. VII fig. 2 vs. n = Ascalaphus petagnae 
■tab. VII fig. 4 in COSTA, 1855; p = Ascalaphus itcdicus tab. II s.n. in VAN DER WEELE, [1909]. 
[Source of illustrations: a, c,f g, h, i, j, k Libr. Spinola in Regional Museum of Natural Science, Tu- 
rin; b Zoological Museum, University of Copenhagen; d Libr. Zoological Institute, University of 
Rome 1; e Libr. Natural History Museum London; / Libr. M. M. Principi Bologna; m, n Libr. Istituto 
di Entomologia “G. Grandi” Bologna; p Libr. A. PANTALEONI Sassari.] 
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DE Cmarpentier. In fact the Asc. ictericus described by the latter finds a place in 
the tables but is replaced in the text by Asc. barbarus sensu LATREILLE. Besides, in 
the preface (ctY. note to page IV), he accuses him, together with Burmeister, of dis- 
playing “une preference foit peu legitime dans Tadoption de noms de genres et 
d’especes, qui sont loin d’avoir la priorite”. 

Also Walker (1853) adopted DE Charpentier’s opinion, citing, more- 
over, for the first time Asc. meridionalis of Italy. 

Besides the figures of the two species (Fig. \m and Dz), CoSTA (1855: p. 7-8) 
published a long report on the denomination of the Italian Ascalaphid. He con- 
tested DE CUARPENTIER becaiise he took it upon himself to give great importance 
to the presence or absence of yellow spots on the thorax, rather than to the shape 
and the outline of the wing. Moreover, he contested Rambur’s hypothesis that 
only one of the two species lived in Italy, having picked up both in Southern Italy. 
Finally, he assigned to the Italian Ascalaphid the name given to him first by 
Rambur, Asc. peta^nae, “sia per non accrescer nomi, sia perche pare che il Petag- 
na fosse stato il primo a darci la figura di questa specie.” 

HagEN (1860) intervened five years later. He published a critical review of 
CoSTA’s volume and a “wSynopsis synonymica” of the genus Ascalaphus in which 
he stated that the Italian Ascalaphid was the Asc. italiciis sensu DE CMARPENTIER. 
Concerning the repoit published by CoSTA, he wrote (cfr. p. 45): “Costa giebt eine 
langere Erklarung, warum er den Namen A. Petagnae vorzieht, die mir zum Theil 
Linverstandlich geblieben ist.” 

VAN DER Weele(| 1909|) closed thedebate by agreeing with Hagen’s opin¬ 
ion, also publishing a beautiful figure of the Italian Ascalaphid (fig. \p). 


USE OF THE NAME ASCALAPHUS ITALICUS 

Ascalaphus Italicus was described by FABRICIUS in 1781. It is extremely dif- 
ficLilt to decipher the interpretation of the species of the Danish author from the 
bibliographical dataalone. In the following works (FABRICIUS 1787, 1793)hecon- 
sidered his italiciis synonymous (junior) of Myrmeleon longicorne LiNNAEUS, 
1764, and at the same time compared it to a figure of SULZER (1776: tav. 25, fig. 4)* 
\sub Myrmeleon barbarus] that in 1781 was referred to as Asc. barbarus. 


Wc havc not becn ablc to find this figure. According to Hagen (1860), who saw it |no 
astcrisks before the citation), and VAN DER Weele (f 1909]) it represents Lihelloides coccajus. 
It was probably republished in ROEMER (1789) |cy>*. “ Prefatio ” (p. V-VIII), publisher\s 
coincidence (Steiner), table (XXV) and figure (4)] (fig. Ic). 
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The name italicus was used up lo al Icast 1825, date of piiblication ol' DF: 
CllARPn:N riFZR’s “Horae Hntomologicae”, for at least three species; the true Italian 
Ascalaphid by CiRILLO (1787-1792) and perhaps by ROSSI (1790); the actiial 
LihcUoides longicornis (LlNNAFIUS, 1764) by OlJVIPR (1790) \tcste VAN DPR 
Wr^FiU: (|1909|)| and by Dumf:rii. (1823); Lihelloides coccajiis certainly by 
Roempr (1789) (fig. 1 c), D\1 VIIXERS (1789), Petagna (1792), Panzer (1796)** 
and LATREILLE (1805, 1807) besides, according to VAN DER WEEI.E (|19()9|), 
Trost( 1801) and IT.ACU (1815). 

Between 1825 and 1860 the majority oi'entomologists attribiited the name 
italicus to the taxon currently named L. coccajiis, with the exception of the authors 
involved in the “case”. See for instance Angelini (1827), Labram and IMUOFF 
( 1836) (Fig. 1 /), Desmarest ( 1845), and, according to VAN DER Weele (| 19091), 
also Pe^RLEB (1826), Herrich-Scifaeefe.R (1840) and CUVIER (1846). Walker 
(1 853), when citingA.vc. italicus from Southern France, was perhaps indicating the 
Provencal population o\' Lihelloides ottomanus. Otherwise only DlSCONZI (1857), 
in an iinimportant local paper, used ''italicus" for L. longicornis \ teste DlSCONZI, 
1865: fig. 1 18|. 

After 1860, date of piiblication of “Synopsis der Ascalaphen FTiropas” by 
Hagen, and moreover 1909, with the piiblication of VAN DER Weele\s mono- 
graph, the name italicus was exclusively attribiited to the Italian Ascalaphid. 


CONCLUSION 

It appears evident that first DE CllARD:N riER (1825), though not explicitly, 
then Rambur (1842), expressly, attribiited the name italicus to the Italian Asca¬ 
laphid as aconsequence of thecoincidence between the name and the geographical 
distribution of the species. In making this decision neither the descriptions by 
Fabricius, to tell the truth uninterpretable, nor the usage prevailing at the time 
were taken into consideration. Some authors disagreed with this formulation 
(Burmeister 1839, Costa 1855), but the descriptive strength of the name 
italicus was too attracti ve not to prevail over a law of priority which was not codi- 
fied in the time. 


This bibliographical rcfcrcncc is cxlrcmcly problcnialic. The date ol'piiblication according lo 
VAN DER Weele (| 19()9|) is ISI 3, Illiger (1 S()7) reported the samc figure as barharus, in DE 
ClIARPENTIER (IS25) wc can rcad ""Asc. harhanis in tabula: Asc. italicus in textu'. Evidcntly 
scvcral rcprinls |cdilions| with subscijiienl corrcclions wcre publishcd. The copy, wc have 
bcen ablc to examine (in the Spinola Eibrary, the Regional Muscum of Nalural Sciences, 
Turin) quoles italicus only. 
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The examination of the type according to ZiMSEN (1964) proves who was 
right. The few doubts that remain about this designation certainly are not enough to 
consider it invalid, considering that the data in our possession, about the origin of 
the niaterial sent by AllioNI to FABRICIUS, enables us to confirm that the type lo- 
cality of Ascalaphus Italicus is Piedmont (under Article 76 and Recommendation 
76A of the fourth edition of International Code of Zoological Nomenclature (Inter¬ 
national Commission on Zoological Nomenclature, 1999) [from now on simply 
ICZNJ), thereby making it inevitable that the type of Italicus does not correspond 
to the Italian Ascalaphid. 

Ascalaphus Italicus FABRICIUS, 1781 is therefore a junior synonym of Libel- 
loides coccajus ([Denis et SCIIIFFERMULLER], 1775), and, as already pointed out 
by BURMEISTER (1839) and CoSTA (1 855), a senior synonym of Ascalaphus meri¬ 
dionalis DE CHARPENTIER, 1825. 

Ascalaphus latimis Lefebvre, 1842 is an available name under the ICZN 
Article 12.2 and is the valid name of the Italian Ascalaphid. Also available, but a 
Junior synonym of the first one is Ascalaphus petagnae CoSTA, 1855 (originally 
written with a capital letter, corrected under the ICZN Allicies 28, 32.4, and 
32.5.2.5). To define the authorship of this name we have applied the ICZN Articles 
1 1.5 (as in PANTALEONI 1999). 

There is not doubt that in the case of Ascalaphus Italicus [as Lihelloides 
italiciis\ the prevailing usage is as the name of the Italian Ascalaphid. According to 
the General recommendations of ICZN (Appendix B, Stability of nomenclatures) 
this use “shoiild” be preserved and this is possible oniy through the application of 
the ICZN Article 75.6 “Conservation of prevailing usage by a neotype” according 
to which an author “should maintain prevailing usage and request the Commission 
to set aside under its plenary power the existing name-bearing type and designate a 
neotype”. The discretion left to the authors is not ciear however: they “should”, not 
“must”, preserve the prevailing use, especially in the presence of a threat to the sta¬ 
bility and the universality of the names. 

We are not sure whether or not to follow this recommendation. A useful and 
pragmatic decision would be in fact to maintain the name Italicus for the Italian 
Ascalaphid. It would be necessary, however, to create a neotype based on material 
deriving generically from the Italian peninsula and not from Piedmont, modifying 
the same type locality of the species. Moreover it would be necessary to invalidate 
a Fabricius type of 1781, taxonomically perfectly identifiable. Finally we should 
bring to a close this old fascinating dispute with the perpetration of a ‘True histori- 
cal falsehood”. Ali this appears to be out of proportion as the only aim is to avoid 
the two nomenclatorial changes listed below, that are not, however, going to cause 
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any particiilar problems. Simply, Ihc Italian Ascalaphid will aifectediy be called 
latimis ratlier Ihan possessing tlie fine nanic italicus. 

Ascalaphus italicus FABUI(’IUS, 1781 = IJbelioides coccajus ([DENIS & 
SClIlbEERMULLERj, 1775) (syii. n.) 

Ascalaphus italicus sensu DE ClIARPENTIER, 1825 nec FABRICIUS, 1781 = 
LihcUoides latiuus (Leeebvre, 1842) (comb. n.) = Ascalaphus petagnae COS TA, 
1855 


* 
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RECENT ADDITIONS TO T1 lE (!KEEN LACEWING EAUNA OE 
ROMANIA (NEUROPTF^RA: CHRYSOPIDAE) 

M. Paulian 

Institutul dc Ceree lari penirit Protectia Pkiulelor 
Poidevardnl Ion lofiescii delti Prad S, R()-71592 Piieiire^ti, Ronuinia 
P-niail: paiilian@adcon.ro 

The faiina of Romania includcd 25 spccics ofgrccii laccwings. Pighl more species were re- 
cently established. The localilies where they were foiiiul are giveii. 

Key words: Neiiroplera, Chrysopidae, Romania, disiribiition 


INTRODUCTION 

Thirty years ago, KlS et al. (1970) piiblishcd a monograph of the Neuropleran 
fauna of Romania, under the autliorily of the Academy of vSciences of Romania. 
Then, it constituted a major step forward in the knowledge of lacewings and it is 
stili a basic tool to entomologists with an interest in neiiropterology. This stiidy in- 
cliided 24 species of Chrysopidae. Ten years later, the fauna of Europe compiled 
by ASPOCK et ai (1980) listed the same green lacewings in Romania. Mowever, 
the authors oniy added Anisoehrysa prasina (BliRMEISTPR, 1839) - now belong- 
ing to the genus Dieliochrysa Yang, 1991 - which was considered in the previous 
Work as a synonym of Chrysopa (Anisoehrysa) ventralis CURTIS, 1834, but they 
did not discriminate the two species in the distribution maps. 

Since 1985, the Piant Protection Research Institute (ICPP) of Biicharest 
oversees a programme for development of IPM in crop cultivations. A light- 
trapping survey of beneficial insects was undertaken in several sites across the 
coLintry providing data on insect predators including chrysopids. In addition, some 
other specimens of green lacewing were collected in various other localities by 
several colleagues to whom we wish to express our grateful thanks for their partici- 
pation in this survey. 

Thus, eight green lacewing species were recorded as new to Romania (PAU¬ 
LIAN 1996, Paulian et ai 1996, Pauijan & Canard 2000, Paulian et al. 
2001). The present contribution aims to regroup the above-mentioned results and 
to indicate the localities (Eig. 1) where newly recorded green lacewings were 
found, as an update of our knowledge of the chrysopid distribution. 
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COLLECTION SITES AND RECENTLY IDENTIEIED SPECIES 


The specimens mentioned in this study were collected at or in the near neigh- 
bourhood of 17 locations which are from Noilh to South and from West to East 
(Fig. 1) (collecton sites for each species are given below in brackets): 


1 - Rodna 

2 - Beclean 

3 - Gro§i 

4 - Scobiltseni 

5 - Oradea 

6 - Huedin 


7 - Beiu§ 

8 - Crasna 

9 - Tirnaveni 

10 - Arad 

11 - Sinaia 
12-Uzlina 


13 - Bucure§ti 

14 - Troianu 

15 - Oltenitsa 

16 - Mitreni 

17 - Dabuleni 


22 E 26 E 



Fi”. I. Collcction sitesofthcgrccn laccwings rcccnlly rccordcd in Romania(forexplanation scc tcxt) 
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Chrysoperla spp. The “conimon green lacewing” auctorum occurs in West¬ 
ern PTirope as a complex of probably five sibling species (Brooks 2000). In the 
Romanian biotopes studied, we found three species (Paulian et al. 1996): 

- a majority of Chrysoperla kolthoffi (Navas, 1927) this taxon being here 
understood sensu Lef^AUT (1991) in absence of further information concerning its 
actual status; very common 11,2, 3, 4, 5, 6, 8, 10, 11, 12, 13, 14, 15, 16, 171, proba¬ 
bly everywhere; 

- a smaller number of Chrysoperla lucasina (Lacroix, 1912) whose identity 
is now agreed (Henry 6"/a/. 1996); common 11,6, 7, 11, 12, 13, 14, 15, 16, 17]; 

- and more rarely the “true” Chrysoperla carnea (Stephens, 1 836) sensu 
stricto |4, 6, 7, 9, 11, 13, 17). 

Among Chrysoperla with claws having a subtriangular enlargement, we 
caught a specimen of Chrysoperla t'enoni (Lacroix, 1933) in the Danube delta 
112). This rare species was recently collected in northwestern Hungary, also in a 
wet habitat (SZIRAKI 1998). 

Dichocluysa prasina (HlJRMEISTER, 1839) occurred in many collections of 
green lacewings. On the contrary, D. ventralis (CURTIS, 1834) sensu stricto was 
uncommon, only identified in montane habitats of the Transylvanian district f 1 1 ]. 
Consequently, all reterences from KlS\s monograph need to be reviewed to ascer- 
tain the actual distibutions of these two species. Dichochrysaprasina is considered 
eurytopic whilst /). ventralis is more dependent on woodlands (Plant 1994) or 
localised in higher altitude. 

Dichochrysa abdominalis (Brauer, 1856) was recently reinstated as a bona 
fide species by HOLZEL (1998) although it is morphologically close to /). pt'asina. 
It is pooiiy known, probably ram, and seems localised in montane habitats. It was 
captured in montane habitats of the Transylvanian district 11 11. 

Chrysopa dasyptera McLaciii.AN, 1872 is a small Euro-Siberian species 
collected in the vicinity of Bucharest 113] and in the Transylvanian Alps 11 11. It 
was recently recorded from Poland (DOBOSZ 1999). Its occurrence in Hungary 
previously reported by wSZABO & wSZENTKIRALYI (1981) however remains dubious 
(SZIRAKI pers. comm.). 

Chrysopa dubitans McLaciilan, 1887 is a eurytopic species, widely distrib- 
iited in the Palaearctic Region, from Spain where its occurrence remains dubious 
(Monserra T & MArin 1994), Greece and Anatolia, up to Mongolia and China; it 
was also found in Algeria (ASPOCK & HOLZEL 1996). Rare, only found in the 
montane habitats of the Transylvanian di.strict 11 11, light trapped in an open forest 
habitat, at 810 m of altitude. 
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Nineta inpimctata (Reuter, 1894) was collectecl in the mountains 11 1 |. It has 
a Eiiro-Siberian dislribution IVom West and North Europe to Ukraine. This lace- 
wing was everywhere rarely encoiintercd (Canard et ai 1998). 

Cuuctochrysa haetica (HOLZEL, 1972) is a holomediterranean species 
(ASPOCK et ai 1980). Until recently, it has been collected in Roniania only in the 
Southern pait of the Danubian Plain [ 15|. 


Acknowledgcmcnts: Thanks are duc to Dr Andrew Whittington (Edinburgh, Scotiand, UK) 
for linguistic improvernent of an earlier version of the manuscript. 
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Authors aimed to continue the traditions of Hungarian faunal 
mapping set by Pinter and co-workers in 1979, and to create a com¬ 
puter programme and a database, that are able to collect and manage 
data both from the literature and collections and able to create distri- 
bution maps. Due to this "living" data system, where the integration 
of new data is permanently done and the errors are continuously cor- 
rected, the results are published in electronic format in English and 
Hungarian. The CD contains the catalogue in pdf format (the reader 
programme Adobe Acrobat Reader 4.0 also present). As the first step, 
this CD contains the checklist of the Hungarian molluscs and their 
distribution data based on the Mollusca Collection of the Hungarian 
Natural History Museum. Distribution of the 220 gastropod and 24 
bivalve species in the collection are illustrated in 10x10 km UTM grid 
maps, and all of their sampling sites are listed by UTM grids. 

The checklist follows the nomenclature of the CLECOM (Check¬ 
list of the European Continental Mollusca) project. With all those 
speciess that are known under a different synonym name in Hun- 
gary, or occur in Hungary but not mentioned in the CLECOM list, or 
are missing from the HNIIM collection, or that are incorrectly indi- 
cated in Hungary, or their taxonomic position is judged by a compe¬ 
tent Hungarian malacologist in another way then given in CLECOM, 
authors deal with in the Appendix. A glossary of the frequently used 
common names and geographical terms helps the use of the locality 
list. This issue will hopefully be followed by others containing litera¬ 
ture data and data of other Hungarian mollusc collections, and the se¬ 
ries will become a useful tool for malacologists dealing with zoogeo- 
graphy, ecology and nature conservation. 

Published in 2001.466 pages on CD disk. Price: 30 euro plus p. and p. 

ISBN 963 7093 70 2 
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/(KXJKOGRAPHICAL ANALYSIS OV NEUROPTHRA 
IN BULGARIA 

A. P()P(W 

National Museum ofNatural llistory, Hlvd Tsar Osvohoditel l, BC-1000 Sofia, Bidi^aria, 
E-mail: nmn/md@h^cict.acad.hi^ 

The Biilgariaii species of Neuroplera have been analysed according lo origin, nol on ihe basis 
ofchorology. In Bulgaria, the more cokl-loving ofllie Siberian elemenls inhabil Ihe mounlains 
only (^Sympherohiiis fuscescens, Micromus pat^anus) and some iibiqiiists from ihe same cale- 
gory occiir in ihe whole coiinlry (Chrysopa peria, Myrmeleon Jormicarius). Mosi of the vSibe- 
rian-Medilerranean species have a broad ecological plasticily {Coniopteryx py^maea, Chry- 
.sopa formosa). Only species with a typical llolarctic dislribulion in North America, biil nol 
Siberian and Holomedilerranean elemenls ihal are probably casiially inlrodiiced in the Nearc- 
tic, are inlerpreled as Siberian-Nearctic. The Central Eiiropean and ihe Central Eiiropean- 
Mediterranean species are rare componenls in ihe Biilgarian fauna. llolomediterranean ele¬ 
menls are aboiil Iwice as niimeroiis as ihe Ponlomediterranean ones. The expansive llolo¬ 
mediterranean species prevail considerably over the slationary ones. Among the Ponlo- 
medilerranean elemenls bolh groiips are ecjiially represenled in the fauna of Bulgaria. They 
have a Balkan {Diiar turcicus, Nedroledon anatolicus) or an Analolian {Isoscelipteron fulvum, 
llemerohius zernyi) origin. The species of Southern origin (the Mediterranean elemenls) com- 
pri.se 52% of ihe Biilgarian fauna of Neuroplera and predominate slighlly over Ihe species of 
northern origin (originated from Ihe Central Ruropean and from ihe Siberian cenlres). 

Key words: Neuroplera, Bulgaria, /oogeography, arboreal, oreolundral, eremial 


INTRODUCTION 

Bulgaria bclongs entirely to the Eurosiberian Zoogeographical Siibregion, 
but its Southern border coincides in some places with the border of the Mediterra¬ 
nean Zoogeographical wSubregion (Eig. 1). Thus, there is a small zone, inhabited by 
a typical stationary Mediterranean fauna (but except for the most typical Mediter¬ 
ranean vegetation) and of a wider transitional zone, inhabited by a slightly expan¬ 
sive Mediterranean or the so called Submediterranean fauna. 

The Biilgarian species of Neuroptera have been analysed in this review ac¬ 
cording to origin, not on the basis ofchorology. On the one hand, this has been 
done in order to avoid the gaps caused by insufficient exploration of some areas in 
their ranges, as for instance European and especially Asiatic Russia notwithstand- 
ing the intensive studies during the last 15 years. On the other hand, chorological 
data take no account of the inlluence of anthropogenic factor in habitat changes 
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and passive transporl of species, such as deforestation or accidental introduction of 
European species to America. 


ZOOGEOGRAPHICAL CATEGORIES 

The zoogeograpliical categories proposed by DE Lattin (1967), ASPOCK, 
ASPOCK & Rausch (1977), Aspock, Aspock & Holzel (1980) and Malicky et 
ai (1983) were used in Ihe determination oforigin. AII 113 species occurring in 
Bulgaria originaled in Ihe Holarctic Region incliiding those whose present ranges 
extend across Ihe boiindaries of the latter. All three large ecological-zoogeog- 
raphical complexes (biochores or biomes) of the Holarctic are represented in the 
Bulgarian fauna of Neuroptera, biit with varying propoitions. The eremial faiina 
and the oreotundral fauna have one representative each in the country and ali the 
other species are part of the arboreal fauna. 



Fij». 1. Bulgaria (dashed line) and the border between the Eurosiberian (EuSi) and the Mediterranean 
(Med) zoogeographical subregions (solid line) on the Balkan Peninsula 
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Non-arho real fa una 

The only ercmial species is Ihe Bulgarian coniopterygid of Ihe genus Hcmisc- 
midalis Mfjnandrr (Fig. 2), known by a uniqiie unidentifiable feniale IVoin 
Southwest Bulgaria (POPOV 1986). It is one of the few animal species occupying a 
bordeiiine position between the arboreal faiina and the eremial fauna according to 
their present ranges. They inhabit both desert and semidesert territories in the 
Southern Palearctic and sonie arid and hot habitats in the Mediterranean vSubre- 
gion. 

The oreotundral fauna is also represented by a unique species - Wesmaclius 
nuiUadai (NavAs). It can be put together (with some reservation) with the taxa 
with oreotundral, i.e. arctoalpine distribution, as well as with the oreal taxa on the 
basis of their origin. Concerning its range, W. nudiadai corresponds to the species 



Ki<». 2. Dislribiilion of llic crcmial spccics Hemisemidalis sp. (□) anci Ihc oreotundral species 
Wesmaclius malladai (•) in Bulgaria. Areas above 1000 rn allitude are shaded 
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with arctoalpine clisjunction. The unceilainty arises from the fact Ihat in Bulgaria 
(Fig. 2) it is typical for the coniferoiis helt with oniy a small part of its popiilations 
occurring above the timberline (POPOV 1997). Hence the conclusion that this 
heinerobiid probably occiipies an intermediate position between the oreotundral 
arctoalpine and the arboreal boreomontane species (both terms confused and in- 
correctly united as “boreoalpine” in the past and sometimes also nowadays). 

Siherian and Central Eiiropean faiina 

The remaining 98% of the Bulgarian species are arboreal. Their classifica- 
tion according to zoogeographical categories on the basis of origin is given on Ta- 
ble 1. 

Part of the Siberian faiinal elements consists of more cold-loving Neuroptera 
which inhabit only the moiintains in Bulgaria, Synipherohiits fuscescens 
(Wallengren), Henierohiuspini StepiieNvS (Fig. 3). Others are ubiqiiists and oc- 
ciir in the whole country, e.g. Chrysopa perla (LiNNAEUS), Mynneleon fonni- 
carius LiNNAEUS. The Siberian fauna has penetrated into the Balkan Peninsula in 
two directions: along the Dinaric Alps (southward and eastward) and along the 
Carpathians (southward). The expansive Siberian elements are often incorrectly 
named “Eurosiberian faunal elements”. There are no such elements but only spe¬ 
cies with Eurosiberian distribiition. 

Most of the Siberian-Mediterranean species have a broad ecological plastic- 
ity and are widely spread in Bulgaria (Coniopteryx pygmaea Enderlein, Chry¬ 
sopa formosa Brauer). 


Tiiblc I. Zoogeographical calcgories of Neuroptera iii Bulgaria according lo their origin 


Categories 

Species 

% 

Orcal 

1 

1 

Siberian 

22 

19 

Siberian-Mediterranean 

10 

9 

Siberian-Nearctic 

8 

7 

Central European 

8 

7 

Central European-Mediterrancan 

5 

4 

1 lolomcditerranean 

38 

34 

Pontomediterranean 

20 

18 

Ercmial 

1 

1 

Total 

113 

100 
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The species wilh Holarctic distribution are polycentric. They have an initial 
cenlre of dispersal in Ihe Siberian wSubregion (and a centre ofdevelopnient in the 
Manchiirian wSubregion) and an additional cenlre of dispersal in the Nearctic. 
Therefore, on Ihe analogy of the Siberian-Mediterranean and the Central Euro- 
pean-Medilerranean species, I propose for theni the term wSiberian-Nearctic. Only 
species with a typical Holarctic distribution in North America have been inler- 
preled here as Siberian-Nearctic. wSiich are for instance the mountain species in 
Biilgaria Hclicoconis lutea (Wallengrrn) and Coniopteryx tineifonnis CURl IS 
as well as Hctnerohiiis luimuliniis LiNNAEUS, distributed mostly in the lowlands. 
Six Siberian and Holomediterranean elements have not been interpreted as 
Holarctic. Most likely they are casually introduced in the Nearctic, e.i^. Wesmae- 
liussuhnehulosus (STEPIIENS), Psectra diptera (BURMEISTER) and bolh Conwent- 
zia Knderlein. 



Fij». 3. Dislribiilion of cold-slcnolhcrmic Siberian clcmcnts in Bulgaria: # = Hememhius pini, 
■ = Symphcrohiiis fusccsccns. Arcas above 1()(K) in altiludc arc shaded 
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The Central European species, e.g. Hemerohiiis schedii HOLZEL, Wesmae- 
lius fassuidgei (KiLLINGTON), and the Central Eiiropean-Mediterranean species, 
e.g. Nothochrysa capitata (FABRICIUS), Eiiroleon nostras (FOURCROY), are rare 
components in the Bulgarian fauna. Not one of them is among the first 45 most 
abundant species in Bulgaria. Thecategory “Central European faLinal elements” is 
often erroneously used in the faunistic and zoogeographical literature tbr the ex- 
pansive Holomediterranean species. Another term, “European elements”, is also 
used for the same puipose, but such a group exists actually only as a chorological 
category and not as a group of faunal elements. 


Mediterranean fauna 

Neaiiy all the Mediterranean species in the Bulgarian fauna originated from 
the noilhern part of the Mediterranean Siibregion. The Holomediterranean ele¬ 
ments are aboiit twice as numeroiis as the Pontomediterranean ones (Table 1). 

The expansive (according to their chorology) Holomediterranean species 
prevail considerably over the stationary ones (Table 2). Their postglacial ranges 
have been extended northwards, e.g. Coniopteryx horealis Tjeder, Osinylus 
fidvicephaliis (SCOPOLI), WesniaeUiis ravus (Wn ilYCOMBE), Diclioclirysa Jlavi- 
frons (F^RAUER), or eastwards, e.g. Mantispa apliavexelte ASPOCK et ASPOCK, 
Chrysopa viridana SCHNEIDER, Myrmecaeluriis trigrammiis (PALLAS). Few spe¬ 
cies have been dispersed in both directions, e.g. Cluysopa nigricostata Brauer, 
Acanthaclisis occitanica (ViLLERS). 

Among the Pontomediterranean elements both groups (stationary and expan¬ 
sive species) are eqiially represented in the fauna of Bulgaria (Table 2). Their dis¬ 
persa! has been also directed northwards {Chrysopa dorsalis BURMEISTER, Chry¬ 
sopa commata KlS et UJIIELYI), eastwards, e.g. Creoleon plumbeus (Olivier), or 
in both directions, e.g. Lihelloides macaronius (SCOPOLI). The expansion of some 
species westwards has reached the Adriatomediterranean secondary centre, e.g. 
Dichochrysa clathrata (SCHNEIDER), Nicarimispoecilopterus (Stein), Deleproc- 


Table 2. Mediterranean calegories of Neuroptera in Bulgaria 


Zoogeographical calegories 

Species 

% ofall Mediterranean species 

% of all species 

Expansive I loloincditcrranean 

24 

42 

21 

Stationary I loloincditcrranean 

14 

24 

12 

Expansive Pontonicditcrrancan 

10 

17 

9 

Stationary Pontomediterranean 

10 

17 

9 

Total 

58 

100 

51 
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tophylla australis (FABRICIUS). The Pontomedilerranean elenients have a Balkan 
origin (Dllar turcicus Hagen, Nedroledon anatolicus Navas — Fig. 4), or an Ana- 
tolian origin { Hcmcrohius zcniyi FlSBEN-PETRRSEN, /sosccdipteron fulvum COS^PA 
- Fig. 5). 

The strictly stalionary Flolomediterranean and Pontoinediterranean elements 
inhabit only the warniest and driesl arid habitats in Bulgaria, e.g. Couiopteryx 
loipetsederi ASP()CK, Helicocorus aptera Messner, Isoscclipteron fulvum COSTA, 
Hemerohius zernyi ESBEN-Petersen, Dichocbrysa zelleri (SCIINEIDER), Myrme- 
leon noacki OHM, Nedroledon anatolicus Navas (Fig. 6). They have penetraled 
into Bulgaria along three roiites: along the valley of Struma River, along the Arda 
River Valley in East Rhodopes and along the Southern part of the Bulgarian Black 
Sea Coast. Other stationary species occur as well in the Submediterranean territo- 
ries (with less strong Mediterranean inlluence), i.e. the Thracian Lowland and the 
Subbalkan ketties in South Bulgaria, the northern part of the Bulgarian Black Sea 



4. Dislribulion of Pontomcditerrancan clcmenls wilh a Balkan origin: cncirclcd arcas = Dilar 
turcicus, dots = Nedroledon anatolicus 
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Fif». 5. r-^anges of Pontomediterrancaii elcmcnts vvith an Analolian origin: 1 = Isoscelipteron fulvum. 

2 = Hcmerohius zernyi 



Fig. 6. Distribulion ofstriclly stalionary Mcditcrrancan clcmcnts in Bulgaria, inhabiling only arcas 
with strong Mcditcrrancan inllucncc in thc country; ♦ = Coniopteryx loipetseclcri. # = Isoscelipte- 
ron fulvum. ▼ = Hcmerohius zernyi. ■ = Dichochrysa zcllcri. A = Nedroleclon cuuitolicus 
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Kij». 7. DislribiUioii ofstationary Mcdilcrrancaii clcmcnts in Bulgaria, inhabiling arcas with Mcditcr- 
rancan and Submcdilcrrancan influcncc in ihc country: # = Coniopieryx draiunumti. ■ = Mantispci 
apluivcxeltc, A = Ilalochrysa italica, ♦ = Acantluiclisis haetica, T = Dclfimcus irroratus 
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Coast and some warm areas in North Biilgaria. wSuch species are Couiopteryx 
drammonti ROUSSET, Mantispa apliavexcdte ASPOCK et ASPOCK, Sympherobius 
klapaleki Zeleny, Italochrysa italica (ROSSI), Lihcdloides ottomamis (Germar), 
Delfimeus irroratus (Olivier), Acanthaclisis baetica Rambur (Fig. 7). The only 
Balkan endemic species in Bulgaria is Nevrorthus apatelios ASPOCK, ASPOCK et 
HOLZEL (Fig. 8). In contrast to the thermophilous Pontomediterranean species, it is 
a Linique stenotopic inhabitant of cold mountain rivers at an altitude of 900-1000 m. 


CONCLUSION 

The species of Neuroptera occiirring in Bulgaria can be divided into groiips 
that originated, respectively, to the north and the south of the country. The species 
of Southern origin are the Mediterranean elements and the ereinial species. Tlie 
species of northern origin are all the remaining categories originating from the 
Central Fiuropean and the Siberian centres. The species of Southern origin coin- 
prise 52% of the Bulgarian fauna of Neuroptera and slightly predominate over the 
species of northern origin. 
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NHUROPTERIDA OF NORTHERN EUROPE 

A. P()P(W 

National Museum ofNatural History, Blvd Tsar Osvohoditel /. BC-lOOO Sofia, Bulgaria, 
E-mail: nmn/md@hgcict.acad.h^ 

The collcclions of Nciimplcricla (Mcgaloplcra, Rai)hidioplcra aiul Ncuroplcra) from Northern 
Fiiirope in ihc muscurns in Denmark, Sweden and Finland wcre revised or idcntiricd. Many 
species are established l’or ihe First time in some provinces. Chrysopa commata, Chrysopa 
formosa, Beyerimhojfina gracilis and Nineta pallida are added to the species hitherto known 
in the area. So far, S2 species are known from Northern Europe. Ofthe individiial national faii- 
nas that oF Sweden has the most complete subsct, 76 species, duc to the prcscncc oFthc tundral 
Fauna in Lappinark {Sicdis sihirica) and the thcrmophilous Fauna in the Southern provinces 
Skane and Smaland [Osmylus fulvicepluilus) and the islands oFOland and Gotland {Aleuro- 
pteryx loewii). The territory oF Denmark is nol a part oFthc coniFcrous Forest /onc bul bclongs 
to the deciduous Forest zone. Expcctcdly, some species, absent in Scandinavia, occur in Den¬ 
mark {Sialis ni^ripes, Helicoconis hirtinervis, Hypochrysa elex^ans), while other species, typ- 
ical For the taiga, do not occur here {Si(dis sordida, Raphidia opluopsis, Uemerohius simulans, 
Wesmaelius mortoni). Norway and Finland have a reduced Swedish Fauna. Chrysopa dasy- 
ptera From lunland is the only species in the two coimtrics which does not occur in Sweden. 

Key words: Neuroptera, Mcgaloplcra, Raphidioptera, Northern Europe, dislribulion, zoogeo- 
graphy 


INTRODUCTION 

The ice sheet retreated from Northern Europe at the end ofthe Wiirrn Glacial 
Period about 10 000 ycars ago. The short period sincc that time has proved to be 
cnoiigh for the colonization ofthe territory with its whole recent faiina and flora. 
Humans occupied its Southern parts at least 12 000 years ago. 

Before discussing the composition and characteristies ofthe fauna of Neuro- 
pterida, it is necessary to consider the meaning ofthe term Northern Elurope and of 
some other terms connected with this territory. The area under discussion covers 
the territories of Norway, wSweden, Finland, Denmark and ofthe faunistically poor 
Eaeroe Islands, Iceland and Greenland, the last of which bclongs zoogeographi- 
cally to the Nearctic. The less explored northern part of European Russia, where 
the same species generally occur (see the last part ofthe zoogeographical analysis 
below), is not included. The terms used in the literature for these territories are as 
follows: 

- the wScandinavian Peninsula for Norway and wSweden; 
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— Fennoscandia for the wScandinavian Peninsula, Finland and the adjacent 
parts of Russia; 

— Scandinavia for Fennoscandia and Denmark; 

— the Nordic countries for Scandinavia, Iceland and the Faeroes. 



Fig. 1. Biogcographical provinccs of Scandinavia (Denmark, Norway, Sweden and Finland). The 
hatchcd area is North Lapland, inhabited by 28 species. Figure and abbreviations after Fauna 

Entornologica Scandinavica 
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The mosl siiitable term to use is Fennoscandia. It is divided in Western Fenno- 
scandia or the Scandinavian l^eninsiila, consisting of Norway and vSweden, and 
Easlern Fennoscandia, consisting of Finland and Russian Karelia and Lapponia. 
The terms Scandinavia and Nordic countries have been used with different mean- 
ings and are quite confusing. 


FAUNISTIC RFSULTS 

In the course of six years (1991-1997) I visited the main zoological and natu- 
ral history museums in Denniark, Sweden and Finland several times and revised or 
identified the collections of Neuropterida from Northern Furope in: Zoologisk 
Museum, Kpbenhavn; Naturhistorisk Museum, Arhus; Zoologiska Institutionen, 
Fund; Naturhistoriska Riksmuseet, Stockholm; Flainmuseo (Zoologiska Museet), 
Helsinki (Flelsingfors). 

The investigated specimens number over 5 600 in Danish museums, over 
6700 in Swedish museums and over 12 000 in the Zoological Museum in Flelsinki. 
()n the basis of this rich material of ca. 24 000 examined specimens, some more de- 
tailed data on the species distribution in the three countries have been obtained. 
Many species have been established for the first time in some provinces. The 
biogeographical division of the investigated countries into 98 provinces (Fig. 1) 
has been used. A complete list of species distribution according to provinces in the 
three countries is in preparation. 

Being acradle of systematic entomology, Northern Furope is well-explored 
in respect to many insect groups. Neuropterida is not an exception to this rule. A 
series of species, widespread in the Palearctic or in Furope, were described from 
this region by LiNNAEUS, FABRICIUS, Wallengren, Reuter. In the last hundred 
years there were published some generalizing papers (on the orders Megaloptera, 
Raphidioptera, Neuroptera and Mecoptera according to the current classification) 
for each country: Denmark - a monograph from Danmarks Fauna (Fsben-PetI:R- 
SEN 1929); Norway-a check list with distribution according to provinces (Tjeder 
1945); Sweden - an outdated monograph (MjoberCj 1909), a check list with distri¬ 
bution according to provinces (T.IEDER 1940), a supplement to it (Tjeder 1953) 
and a check list according to the new nomenclature (TJEDER 1972); Finland, Rus¬ 
sian Karelia and Kola Peninsula-a monograph from Fauna Fennica (Meinander 
1962) and two additions to it (MEINANDER 1963, LamMES 1977). 

Notwithstanding the good exploration of Northern Furope, four species of 
chrysopids are added to the species hitherto known in the area. They are Chrysopa 
commata KlS et UJIIELYI, Cluysopa formosa Brauer, Peyerimlioffhia gracilis 
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(SCHNEIDER) and Nincta pallida (SCIINEIDER). The last three species are locally 
distributed in the area and have definitely not been spread by man. The fact that 
Peyerimhojfina gracilis and Nincta pallida are established in two or Ihree locali- 
ties and Chrysopa formosa was known from Koini (Zakharenko & Sedykii 
1981) and near Saint Petersburg (DOROKHOVA 1973) is a strong argument in fa- 
voLir of that opinion. Chrysopa commata has been confused with Chrysopaphyllo- 
chronia Wesmael. The main distingiiishing feature of the populations of both spe¬ 
cies in Central and Southern Europe is the presence of a black spot on the scapus of 
Chr. commata and the absence of such a spot in Chr. phyllochroma (KlS & UJ- 
HELYl 1965, Kleinsteuber & RoilRICHT 2000 etc.). The verification by exami- 
nation of male genitalia has shown that in Northern Europe Chr. commata rarely 
has a spot on its scapus. Most speciinens of the two species do not differ in this 
characteristic. Besides by male genitalia, it is possible to distinguish the two spe¬ 
cies in both sexes by the lateral sutures of the thorax which are always black in Chr. 
commata and always green in Chr. phyllochroma. The same combination of char- 
acteristies (black sutures, absence of a spot on the scapus) is typical for almost ali 
speciinens of Chr. commata from England (Plant 1997). The hitherto neglected 
Chr. commata is the more coinmon of the two species in Northern Europe. 

So far, 82 species altogether are known from this area. The number of the es¬ 
tablished species of Neuropterida (and separately of Neuroptera) in each country is 
given on Table 1. 


ZOOGEOGRAPHICAL ANALYSIS 

Most Neuroptera in the area are widespread in Europe or the Palearctic. The 
Raphidioptera, known for their high degree of endemism in the South (ASPOCK et 
al. 1991), are very pooiiy represented in the northern parts of the range of this or- 

Table 1. Number of species of Neuroptera and all Neuropterida recorded in Northern Europe 


Country 

Neuropterida 

Neuroptera 

Norway 

63 

55 

Sweden 

76 

67 

Fini and 

63 

55 

Denmark 

64 

58 

Faeroes 

2 

2 

Iceland 

2 

2 

Greenland 

3 

3 

Northern Europe 

82 

71 
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'ral)Io 2. Zoogeographical 

categories of North European species of Neuropterida according to their 
origin 

Categories 


Species 

% 

OreolLiiidral 


1 

1 

Si heri an 


31 

38 

Siberian-Mediterranean 


1 1 

13 

Siberian-Nearctic 


9 

1 1 

Central European 


8 

10 

Central European-Mediterranean 

8 

10 

Mediterranean 


14 

17 

lotal 


82 

100 


der. These are Ihe reasons for the absence of any endemic species among Neiiro- 
pterida in Northern Europe. The sitiialion is the same in niany other insect groiips. 

Despite the relatively low diversity of the habitats, the zoogeographical anal- 
ysis of the species according to their origin classifies them into 9 categories (Table 2). 
Tlie zoogeographical categories of DE I.ATTIN (1967) were mainly used. A he- 
nierobiid (1 % of all the species) is the uniqiie non-arboreal species in the area. The 
vSiberian faunal elenients are most niimerous. The Holarctic (Siberian-Nearctic) 
and the Siberian-Mediterranean species are represented approxiniately ecjually. 
The three last categories are united in a groiip originating from the Mancluirian 
wSubregion which consists of altogether 62% of the species. The Central Eluropean 
faunal elements and the Central European-Mediterranean species form a group 
originating from the Western part of the Eiurosiberian Subregion and comprising 
20% of the species altogether. Some very expansi ve Holomediterranean faunal el¬ 
ements have also reached Northern Europe. Together with a fcw species from the 
.secondary Mediterranean centres they form the group of the Mediterranean species 
comprising 17% of the species altogether. 

The following species have typical ranges for the respective categories (all 
the Mediterranean species sensu lato in Northern Europe are of course expansive 
and therefore with extreme ranges); 

- Oreotundral: the only representative is Wcsmaelius ninlladai (Navas); 

- vSiberian: Xnnthostii^nia xanthostii^nia (vSc^lIUMMEL), Sisyra jiitlandica 
EIsben-Petersen (with a range eastward to Baikal Lake and Yakutsk ac¬ 
cording to Zakharenko, 1988), Psectra r///;/CAY/ (BUR MEI STER) (presum- 
ably introduced in North America according to Kevan & Klimaszewski 
1986), Nineta vittata (Wesmaee), Mynuedeon hore (Tjeder); 


AcUi :o<tl. 4S (Suppi 2). 2002 







286 


A. POPOV 


- Siberian-Mediterranean: ConiopteryxpygmaeaEHDERLEW, Hemerohiiis 
uitidiilus Fabricius, Dichochrysa prasina (BURMEISTER); 

- Siberian-Nearctic: Helicoconis lutea (WallENGREN), Sisyra fuscata 
(Fabricius), Wesmaelius nervosus (FABRICIUS)*; 

- Central European: Phaeostignia notata (FABRICIUS), Sisyra dalii Mac- 
Lachlan, Nineta pallida (SCMNEIDER); 

- Central European-Mediterranean: Sialis nigripes PiCTET, Helicoconis 
hirtinervis Tjeder, Euroleon nostras (FOURCROY); 

- Mediterranean: Siihilla confinis (wStephens) (Adriatomediterranean ele- 
ment), Aleuropteryx loewii Klapalek (least expansive northwards Holo- 
mediterranean eleinent), Coniopteryix horealis Tjeder (most expansive 
northwards ainong the Mediterranean species). 

The most complete picture of vScandinavian fauna of Neuropterida is given 
by the fauna of Sweden with 93% of the North European species. This is due to the 



Fi". 2. The ranges Sialis sihirica (I) and Coniopteryx haematica (2) in Fcnnoscandia. The former 
is a representalive ofthe tundral fauna, the latter- of the thermophilous fauna 

* Wesmaelius nervosus is conspecific with W. disjunctus (BANKS), W. frostinus (NaVAS), W. 
alexanderi (Nakahara) and W. melaleuca (Nakahara), all the four synonymized by 
Klimaszewski & Kevan (1987). 
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presence oftwo extreme faunas. ()n ihe one hand, the liindral laiina ofLappmark; 
and on the other hand, is the thermophiloiis fauna of the Southern provinces of 
vSkane and Smaland and the islands of Oland and Gotland (Fig. 2). 

The extreme north of the Scandinavian Peninsula or the northern half of 
Fapland above 68-69° northern latitude (Fig. 1) is inhabited by 28 species or 34% 
of all the 82 species. Two thirds of the Holarctic species, half of the Siberian and 
less than half of the Siberian-Mediterranean and the Central Fluropean - Mediter- 
ranean species occur there. 

The territory of Denmark is not part of the coniferous forest zone but belongs 
to the deciduoLis forest zone. This explains the absence of some species, typical for 
the taiga, e.g. Sialis sordida KlinCiSTED r, Raphidia ophiopsis LiNNAEUS, Hcnic- 
rohius pendegaus vStepiiENS, Hcmcrohiiis siniidans Walker, Wesmaeliiis mor- 
toni (Mac1.AC1ILAN), Mcgalomus hirtus (LiNNAEUS), Nineta inpunctata (RELI- 
TER). The same fact contributed to the appearance of the reverse situation. That is, 
other species, which are not distributed in Fennoscandia, occur in the discussed 
area only in Denmark, such as the Central Fairopean-Mediterranean Sialis nigripcs 
PiCTFr, Hcdicoconis hirtiucrvis Tjeder and Hypoclirysa cicgaus (Burmeister). 
The Central FTiropean Nineta pallida (SCIINEIDE:r), an inhabitant of the spruce 
forests which are not autochthonous in Denmark, also falis into this category. The 
most Southern parts of the investigated area with mild climate are inhabited by 
some Central Furopean sensu lato and Mediterranean .v. /. elements. In their expan- 
sion northwards, the above mentioned Central Furopean and Central F4iropean - 
Mediterranean species and the Atlantomediterranean element Suhilla cotifinis 
(S TEPIIENS) in Northern Furope have only reached Denmark. Other species, such 
as Osniylus fulviceplialus (SCOPOLI), Nothochrysa fulviceps (Stepiiens), Notho- 
clirysa capitata (Fabrk^IUS) and Euroleon nostras (FOURCROY) have reached 
Denmark and South Sweden, Aleuropteryx loewii KlapAlek has only reached the 
islands of ()land and Gotland, and Coniopteryx haeniatica MacLaci ILAN has only 
reached South Sweden. 

Norway and Finland have a depauperate Swedish fauna which is devoid of 
most of the thermophiloiis Southern species. Some wSiberian species have also colo- 
nized Fennoscandia from the east with different intensity. Five species not occur- 
ring in the countries investigated have been established in North Russia. They are 
Drepanepteryx algida (Friciison), Chrysopa walkeri MacLaCIII.AN and three 
species with doubtful distributional data (Coniopteryx hoelzeli ASPOUK*, Chryso¬ 
pa hununeli Tjeder and Chrysopa reichardti BlANCIII sensu /AKIlARIiNKO = 


Coniopteryx hoelzeli was confused wilh Coniopteryx py^maeci Enderlein sensu CUNTHER - 
scc ihc syiionymic list in Meinander 1990 sub C. py^maea. Bolh spccics under olhcr naines 
wcre nol corrcclly separated by Zakharenko & Krivokhatsky (1993). 
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altaica HOLZEL). If the spread of the species from east to west is examined, il is ev- 
ident that soine species have reached different longitudes (Fig. 3). Thus Drepa- 
nepteryx algida has reached westward Uhta in Central Komi (Zakharenko & 
Sedykh 1981), Chrysopa walkeri (perhaps the spread has passed rather from 
southeast than from east) has reached Ladoga Lake in Russian Karelia, i.e. Eastern 
Fennoscandia (HULDEN et ai 1977), Chrysopa dasyptera MacLachean - South- 
eastern Finland (Meinander 1962), Sialis sihirica MacLachlan - Lapland 
(ASPOCK et ai 1980), Psectra diptera (BURMEISTER) - Sweden (Tjeder 1940). 
InoceUia cr^assiconvs (SCHUMMEL) occurs only in restricted territories in Central 
Sweden (Dalarna - Tjeder 1940 and Halsingland - Hedstrom 1985)* and Rus¬ 
sian Karelia (Kuusamo - HULDEN et ai 1977). Flowever the distribution of most 
species covers the whole Fennoscandia from its Western to its eastern boundaries. 

Chrysopa dasyptera is the only species among those of Finland and Norway 
which does not occur in Sweden. The range of this remarkable species (Fig. 4) ex- 



Fi<». 3. Western and northwestern range bordcrs of some species in Northern Europe: 1 = Drepa- 
nepteryx algida, 2 = Chrysopa walkeri, 3 = Chrysopa dasyptera, 4 = Sialis sihirica, 5 = Psectra 
diptera, 6 = the disjuncted range of InoceUia crassicornis in Fennoscandia (for othcr localitics of 
tn. crassicornis in North Sweden see a footnotc in the text) 

* It seems In. crassicornis is wider spread in Sweden. During the print of this paper, the species 
was established on the basis of larvae and one female from traps on trccs in four other 
provinces in North Sweden: Vasterbotten, Norrbotten, Lycksele Lappmark and Pite Lapp- 
mark (Bergsten & Pettersson 2000). The new localities are not shown on Fig. 3. 
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Fi<». 4. Dislribulioii oi' Cliryso/ni (iasyptera 

tends from Soiithcaslein Finland (Meinander 1962)*, East Poland (DOBOSZ 1996), 
Hungaiy (SZABO & SZENTKIRALYI 1981 )** and Roniania (Paulian 1996) Ihioiigh 
European Russia (Sainl Petersbiirg Disli icl - DOROKIlOVA 1973, Koini - ZakhA- 
RENKO & Sedykii 1981, Middlc Volga - KOVRIGINA 1978) lo North and Cential 
Kazakstan (DOROKllOVA 1977), West Siberia (Krasnoyaisk Districl - Zakha- 
RENKO & Krivokiiatsky 1993) and Noith Mongolia (Chovsgbl Districl - wSteiN- 
MANN 1971 and Central Disti ict - DOROKllOVA 1977). 

There aie soine olher interesting species in chorological respect which give a 
specific chaiacler to the North Eiiiopean fauna of Neiiropterida: Sialis sordida 
KeinCiSTEDP, Sialis sihirica MacEaciilan, Helicoconis hirtincrvis Tjeder, 
Sisyra dalii MacLACHI.AN, Sisyra Jiitlandica ESBEN-PETERSEN, Wcsmacdiiis hal- 
ticiis (Tjeder), Nineta iupiinctata (Reuter). 


Ackn(nvlcd^ements- \ wish lo cxprcss my gmlcfiil thaiiks lo llic muscum dircrclors orcurators 
who allowcci mc lo chcck and idcnlify ihc Norlli European malcrial from llicir colicclions: l^rof. 
Niels Kristensen (Zoological Muscum, Copenhagen), Prof. Martin Meinander (Zoological Mu- 


D()iK)SZ (1996: llg. 2) incorrcclly includes Soulhwcslcrn Fanland and Aland Islands in ihc range 
Chrysopa dasyptera. This is duc U) an uninlcnlional mislakc in Meinander (1962: map 32) 
where Ihc symbols o\'Chrysopa dasyptera and Chrysopa dorsalis BURMEISTER wcre reversed. 
According lo SZENTKIRAl.Yl (pers. comm.) ihc occuncncc ofC dasyptera in I lungary nccds 
confirmalion. 
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seuin, Hclsinki), Dr Roy Danielsson (Zoological Department, University of Lund), Dr Bert 
V iKLUND (Swedish Museum of Natural I listory, Stoekholm) and Dr Peter Gjelstrup (Museum of 
Natural I listory, Arhus). Tlie study was supported by grants from the European Commission and the 
Caiisberg Foundation and by the Academy ofFinland and the Royal Swedish Academy of Sciences. 

These new faunistic data from my rcvisions of the museum collcctions are part of a project on 
Ncuroptcrida and Mecoptcra of Northern Europe with the participation of Prof. NlELS Krlstensen, 
Prof. Martin Meinander and Dr Lita Greve-Jensen from the Nordic countries as well as Prof. 
I loRST Aspock, Doz. Ulrike Aspock and Prof. Johann Gepp from Austria. 
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AUTHCX)L()GY AND BIOLOCJY OF NF:M0PTHRA SINUATA 
()FIVIF:R (NHUROPTHRA: NEMOm^RIDAF:) 

A. Popov 

National Museum oj Natural Uistory, Blvd 1'sar Osvohoditel I, BG-lOOO Sofia, Balearia 
E-mail: nmnhnd@ h^cict. acad. hf^ 

Spccimcns o\' Nemoptera sinuata wcre rcarcci from cggs to scconcl instar larvae in caplivily, 
and observalions on iniagos wcre carricd oiil in Ihc Struma Valicy, Bulgaria. The adults oceiir 
in open sunny places in river gorges and fecd only on pollen. They are niost active at noon bc- 
twccn the iniddlc of May and the end of Jiinc. The malcs occur onc wcck carlicr than the Ic- 
inales. The cggs are laid dircctly on the groiind, most often in the morning. They are sphcrical 
(rare ainong Nciiroptera), white, opacpic, with onc micropylc. Up to 70 cggs are laid by a fc- 
malc over a period of 10 days. The cgg stage usually lasts from 23 to 25 days. The lid is cut olT 
by an cggbreakcr during hatehing. The ncwly hatchcd larvae are 2.0-2.1 mm long, are 
tcrricolous and always buricd themsclvcs by digging to 1 em in depth. The larvae rejcctcd liv- 
ing or frcshly killcd arthropods, or roots and blossoms ofplants. They wcre only observed to 
take water and vcgctablc sap. The longesi siirviving larva moultcd in September (lirst instar 
lasts 72 days) and hibernated. It incrcased in Icngth to 5 mm and died in April after being 
reared for ni ne months. 

Kcy words: Nemoptera sinuata, imaginal ethology, feeding, oviposition, cgg, hatehing, larva 


INTRODUCTION 

Investigations on the aulecology and Ihe carly stages of Nemoptera sinuata 
OidVIER, which are reported here, were carried out more than 30 years ago. They 
included a rearing from imago to second instar larva. The observations and conclii- 
sions on the behaviour, feeding and habitat of the adults and the larvae were the 
siibject of my thesis (POPOV 1967). These observations were not piiblished be- 
cause I expected to continue the rearing of a mature larva, prepupa and pupa. 

At the time of the investigations there was no information on either the egg 
and larva, the biology and habits of the larva, or the feeding and behaviour of the 
imago. There were almost no detailed data on the whole family Nemopteridae 
sensu Monsrrrat (1996), now comprising 90 taxa. The development and the 
preimaginal stages of a number of species, mainiy from the closely related family 
Crocidae distributed in the Southern I lemisphere, has recently been investigated by 
Mansell ( 1973, 1981, 1983rz, h etc.) and Nemoptera bipennis (iLLIGRR) and all 
the Spanish representatives of both families by MONSERRAT (I983rz, /;, 1985^7, 
1996). A mature larva of Nemoptera eoa (LiNNAEUS) from Greece was reared to 
imago by Troger (1993). Their results are very similar to my observations on 
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Nemoptera sinuata. The pollcnophagy of thc adiilts of N. sinuata was observed for 
the first time and my suggestion (POPOV 1967), that the structure of the mouthparts 
in the whole family Nemopteridae sensu lato proves feeding only on pollen, was 
confirmed by field observations of some authors, e.g. MONSERRAT (1985/;) on 
N. bipennis and PiCKER (1987) on Palmipenna aeoleoptera PiCKER. Also my pro¬ 
posui (POPOV 1973) that Nemopterinae and Crocinae should be regarded as dis¬ 
tinet families, if essential differences in all stages were confirmed after the discov- 
ery of the larvae of other genera, was realized by MONSERRAT (1996). 


IMAGO 

The observations on the imago of N. sinuata were carried out in 1965-1967 
in the field in Kresna Gorge along the valley of Struma River in southwestern Bul- 
garia and in captivity in Sofia. For this purpose living nemopterids were trans- 
ferred to broad glass tubes containing blooming llowers. They were reared be- 
tween glass and cloth screen with blossoming plants in glass jars with water. 

The imago of N. sinuata occurs in meadows and open sunny places with 
Mediterranean and Submediterrancan vegetation in sheltered river gorges. The 
adults prefer the yellow blossoms or racemes of plants, such as Achillea coarctata 
POIR. (Asteraceae), Alyssinn murale Waldst. et KlT. (Brassicaceae) and Hyperi- 
cum nimeliacum BOISS. (Hypericaceae). 

The Hight period usually lasts from the middle of May to the end of June with 
the earliest and latest collecting dates May 2nd and July 8th. The phenological 
maximum is in the first ten days of June. The males occur one week earlier than the 
females. 

The flight of N. sinuata is easy and graceful, but slow. The flapping is done 
only with the forewings, while the hindwings remain static. The coloration of the 
wings provides effective camouflage and the adults are difficult to see. The imagos 
begin to fly in the morning and are most active at noon in sunny weather. In cloudy 
weather they remain perched on the blossoms with their forewings wide open and 
their hindwings directed at an angle of 40-45° and slightly twisted towards the 
ends. When it rains, they retreat below the blossoms with their forewings up above 
the back. 

N. sinuata is a diurnal insect. It flies, feeds and lays eggs only during the day. 
When reared in a room or in a cage, the adults always tJy and settle on more illumi- 
nated or sunlit spots. 

The specimens reared under different conditions in captivity lived from 5 to 
1 3 days. Taking into consideration that they were caught in the middle of the tlight 


Ada zool. hiuifi. 4H {Suppi 2), 2002 



AUTHCOlXXJY ANI) BI()L()(JY OF NliMOKI liRA SINUATA ()LIVIF:R (NFUROKriiRA) 


295 


period of the species in the same localily and that ali females had aiready been fer- 
lilized and were laying eggs, il can be assumed Ihat in the field the life span of the 
adults is nearly 20 days. 

The observations in 1965 showed that the imago of N. sinuata feeds exclu- 
sively on pollen. It inserts its mouth parts into the tloret comet oiAchillea and tears 
off the pollen bags. The clypeus and labrum of the insect become covered with pol¬ 
len. The imago occasionally collects pollen with the tarsi of the forelegs, wiping 
the tarsi through its mouthparts and swallowing the pollen. The mouthparts of N. 
sinuata and Nemopteridae .v. /. as a whole have a tearing function rather than chew- 
ing and are structured to feed oniy on pollen (Fig. I). The main role in feeding is 
played by the maxillae and the labium, while the almost immovable mandibulae 
and labrum have no part at all. The maxillae move simultaneously and quickly up 
and down due to the strongly movable articulation between the stipes and the 
palpifer. The same movernents are exeeuted by the strongly elongated labium. 
During feeding the rostrum projects into the floret, opening it, and the distal parts 
of the maxillae and the labium, namely both galeae and both pairs of palpi, with 
their upward movernents draw out the pollen grains from the bottom of the chalice 
to the mouth opening. The pollenophagy in N. sinuata was also confirmed by the 
analysis of the gut contents and the excrements of the imago. Both the pro- 
ventriculus and the ventriculus were filled with whole grains, and the excrements 
with their shells, which are the same as the reference sample of pollen grains of 
Achillea coarctata. Thus the pollenophagy in nemopterids was recorded for the 
first time and accepted by analogy for the whole family because of the structure of 
the mouthparts. This was confirmed by the finding of pollen in the gut contents of a 
numberof species by Tjedkr (1967) and by observations on other species by other 
authors (see Introduction). 



Figs 1-2. Nemoptera sinuata: 1 = feeding on a raceme oi' Achillea coarctata; 2 = eggs 
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EGG 


The eggs are usually laid in the morning. The female, with half open wings 
and a drooping abdomen, perched on blossoms or racemes of plants, e.g. Achillea. 
An egg appears every two minutes and after 4-6 eggs the female moves on to an- 
other raceme. The eggs fall directly to the ground or on dry vegetation. They are 
not adhesive, but elastic and bounce when coming into contact with a hard surface, 
as for example a piece of wood. 

The eggs (Fig. 2) are spherical, snow-white, opaque, lustreless, with a diame¬ 
ter of 0.83-0.90 mm and with one micropyle. It shoiild be mentioned that the genus 
Nemoptera is one of the few genera among all Neiiroptera with spherical shape to 
the eggs. The chorion is highly sculptured, with irregular hexagonal convexities on 
the surface, which touch one another. About 30 convexities have been counted on 
the periphery of the egg and about 180 convexities on the wholeegg surface. When 
seen from above, the micropyle has the form of a disk; in profile it looks like a cor- 
net with no opening in it. 

According to the observations in the laboratory, the number of eggs laid by 
one female is up to 70. Eggs are laid for about 10 days during the total life span of 
20 days of the female. Within the first five days the number gradually drops from 
14 to 9 eggs per day. 

The egg stage covers 20-26 days on the basis of the rearings in 1965-1967, 
most frequently 23-25 days at air temperatures of 19-27° in the laboratory. The 
duration of the egg phase depends on the temperature. For example, 16 eggs were 
put in a refrigerator for 10 days at 6° and the larvae were hatched with 12 days de- 
lay. While at 30-32° temperatures the hatching occurs after 19 days. 


LARVA 

After the fifteenth day the egg becomes light pink and then grey on one side. 
The embryo lies in the form of a semicircle in the egg. A polar lid with the 
micropyle in the centre is opened during hatching. The lid is cut off by an egg- 
breaker on the larval clypeus. The egg-shell breaks by pressure from the dorsal sur¬ 
face of the larva. The split becomes almost a complete circle and the lid separates 
without breaking from the egg. The larva pulls out the dorsal part of the thorax 
first, then the head in two or three minutes and the abdomen at the end. Filling its 
tracheae with air, the larva becomes bigger in one to two hours and begins to move 
slowly, until it hides. 
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The ncwly halchcd larva is 1.7-1.8 mm long or 2.0-2.1 mm long including 
the jaws. It is dorsally grey, wilh an oblong transverse dark spot on both sides of the 
niedian line ol'every thoracic and abdominal segment and a large, almost black 
spot on the head. The body densely is haired with long and short setae: macro- 
trichia, dolichasters and micrasters. The length of some ofthe macrotrichia is eqiial 
to almost one third ofthe body length. The head is trapeziiim-shaped to rectangu- 
lar, 0.38 mm long and 0.55-0.65 mm wide, and occupies together with the jaws 
more than one third ofthe body in length. The slowly movable head moves only in 
a vertical direction. The Jaws are large, broad, gradually ciirved inwards, sharply- 
pointed at the apices, with a Hat and roiinded outer margin covered with long 
macrotrichia, with 9 short dolichaster-like setae on the inner margin. The eye spot 
consists of 7 stemmata. Antennae are composed of one small basal segment and 
one large, curved, roiinded and dilated segment. Palpi labiales are very short, 
foLir-segmented. Legs are short, with hard spines. The abdomen is broad and ten- 
segmented. The first instar larva of N. sinuata from Bulgaria is very similar to that 
of N. bipennis reared by MONSERRM' (1996). The former differs from the latter in 
the shape ofthe black spot on the head and in its wide and short abdomen. 

I coLild not find any living larvae in the field, to define their habitat. When 
reared in captivity in 9 microhabitats (soil, sand, peat, leaves, etc.), the larvae al- 
ways biiried themselves by digging to 1 cm depth. They are consequently assiimed 
to be terricolous. 

For the entire duration of rearing (9 months) no answer was foiind to the 
question of how the larvae feed. They were offered the common caterpillars of Pio- 
(lia interpunctella (HUBNER), larvae of Tenebrio molitor LiNNAEUS, imagos of 
Drosophila Fallen, Musca domestica LiNNAEUS, Sitophilus granarius (LiN¬ 
NAEUS), as well as field-collected Collembola, Acarina, Psocoptera, Psyllina, For- 
micidae and various families of Diptera. The larvae of Nernoptera paid no attention 
either to living, or to freshly killed small arthropods, or to cut oiit pieces of those 
with body fliiids. The resuit was also negative with Enchytraeidae, Tiibifex LA- 
MARCK, segments of Liimbricidae, living snails, as well as with mellow roots of 
herbaceous plants or their blossoms. The larvae were only observed to dip the api¬ 
ces of their jaws into drops of water and into the sap of newly cut carrots or pota- 
toes. The typical predatory feeding habit as well as the parasitic one is not charac- 
teristic at least for the first instar larva of N. sinuata. The hypothesis of MONSER- 
RAT and Martinez (1995) on possible myrmecophily of Nemopteridae str. in 
the larval stage seems quite probable bearing in mind the rejection of a wide range 
of prey by the larvae of N. sinuata in Bulgaria and of N. bipennis and Lertha sofiae 
Monserrat in wSpain, as well as the experiments for harvesting of eggs and even- 
tually of yoLing larvae by some ant species in their nests. The successful feeding of 
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the third instar larva of Nemoptera coa in captivity by TrogER (1993) only ap- 
pears to contradici the hypothesis. Feeding on ant larvae may be necessary and 
obligatory for only the first and eventually the second instar larvae of Nemoptera. 

The longest reared larva moulted on 23rd September; the instar lasts 72 days. 
The second instar larva has a more elongated body, darker coloration and a rela- 
tively smaller head, corresponding to one fifth of the body. Every segment has a 
small tubercle laterally with tufts of black macrotrichia. 

The larvae move slowly and clumsily, and only forwards. They cover abont 
6 cm over 30 seconds. The larvae always try to bury themselves, going forward 
with their head. When touched, they become immovable and appear to be dead. 
This lasts from half a minute to one minute or rarely two minutes. 

The longest living larva was left to hibernate at the end of November. A small 
bowl with sand was put in a bigger bowl with regularly moistened sand at tempera- 
tures between +5° during the night and 10° during the day. The larva spent the win- 
ter in the sand in the form of a crescent wilhout making any nest around itself. After 
being taken out of the sand, it would become active after several minutes. After the 
hibernation, it stili did nol accept food. The larva died on 9th April next year after 
being reared for nine months. Although no feeding was observed, the larva in- 
creased in size from 2 mm at hatching to 4.1 mm at moulting to 4.8 mm before hi¬ 
bernation and to 5 mm in the end of its life. 

In conclusion, the known first half of the life cycle afforded an opportunity to 
speculate on the development of A. sinuata. It probably passes through a second 
moulting at the beginning of summer, hibernation of the third larva, forming of a 
cocoon in April and emerging of the imago after one month total duration of the 
prepupal and pupal stages. 


This rcporl was presentcd on the Sixlh International Symposium on Neuropterology held in 
Helsinki in 1997. Only an abstraet of it has been published in the Proceedings of the Symposium 
(POPOV 1998) beeause 1 intended to inelude the original data in a detailed eomparative review on the 
eggs, larvae and development of nemopterids. As that has not been realized, the full report is pub¬ 
lished in the present volume. 
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POPLJLATION DYNAMICS AND SEASONAL OCCURRENCE OE 
ADULTS OE CHRYSOPERLA EXTERNA (HAGEN, 1861) 
(NEUROPTERA: CHRYSOPIDAE) IN A CITRUS ORCHARD IN 
SOUTHERN BRAZIL 

SOUZA, B. and C. F. Carvalho 

Depto de Enlomolo^ia, Universidade Federal de Lavras 
C.P. 37. 37200-000 Lavra.s MG, Brasil 
E-mail: hr^S()uza@ ujla.hr; cfc@ufla.hr 

Sludics oflhc population dynamies of Chry.soperla externa (Hagen, 1861 ) adiiUs wcre car- 
ried out in in Lavras, Minas Gerais, Bra/il, in a citrus orchard, wilh ihe inniiencc ofprccipita- 
tion, relative luimidity and maximum, minimum and average temperatures on its population 
density being evaluated. Sampling was made weekly with an cntomological net on 20 citrus 
trees in an arca ofea. 2 ha, bctwccn 13:00 and 17:00 h, from May 1992 to April 1996. Annual 
sampling rccords for adults collectcd wcre 853, 629, 575 and 313, rcspcctivcly, with a dc- 
creasing population trend during the period, mainly in ihc foiirlh ycar ofstudy. An incrcasc in 
the number ol' adults collectcd was observed from May to September, with pcaks of 687 
(80.5%), 344 (54.7%), 328 (57.0%) and 107 (34.2%) in September of 1992, 1993, 1994 and 
1995, rcspcctivcly. A remarkablc dccrca.se in the number of in.sccts collectcd was observed in 
the months after September, with no in.sccts or only fcw ones collectcd from November to 
March, December to February being the most critical period. There was an incrcasc in the 
number of adults with the dccrca.se in precipitation, relative luimidity and temperature, with 
minimum and average temperature innucncing the most. 

Kcy words: Chry.soperlcc Chrysopidac, Neuroptera, citrus, wcather factors, scasonal occurrencc 


INTRODUCTION 

The Chrysopidac slands out in citrus agro ecosystems for their occiirrence in 
orchards in several countries; however, their presence is conditioncd to many hi- 
otic and abiotic factors, with weather greatly affecting their seasonal abundance 
(Adams & Pfnny 1985). 

Most research on Chrysopidac carried out in BraziI is limited to the observa- 
tions on their occiirrence as organisms preying upon arthropod pests in several 
crops, in addition to some basic studies related to their biology. There is little infor- 
niation on the efficiency of these insects as agents regulating populations of 
plant-feeding arthropods, as well as their contribution in the maintenance of equi- 
librium in ecosystems. Thus, their population dynamies and the weather factors, 
which favor or delay their development and their population increase, have been 
poorly studied under natural conditions. In this work, Chrysopcrla externa (HA- 
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GEN, 1861) adults were investigated in a citrus orchard as to the infliience of 
weather factors upon their population dynamics. 


MATERIAL AND METHODS 

The Work was carricd oul in a citrus orchard of ca. 2 ha in ihc Universidade F^cdcral de Lavras 
(UFLA), Minas Gerais, Brazil. The inlluence ofprccipitation, relative huinidily and maximum, mini¬ 
mum and average tcinpcraturcs upon populalions o\' Ch. externa was evaluated by pcriodical collcc- 
tions of adults in orange {Citrus sinensis OSBECK) trees of Nalal, Valenda and Bafa cultivars and on 
mandarin {Citrus reticulata Blanco) trees. 

The adults wcre collected wcekly bctween 13:00 and 17:00 h, over the period from May 1992 
to April 1996. Twigs and foliage of all quadrants of the trees were lightly shaken in a way that all sur- 
face of the piant canopy was sampled in order to displace the insects, w'hich were then captured using 
a 30 cm diameter entomological net. 

The innuence of weather factors on the population density and seasonal occurrencc of Ch. 
externa adults were analy/.cd by a simple correlation analysis (Sokal & Rohlf 1995) among 
weather data of the collecting day and the number of adults captured weekly. In order to investigate 
the simultaneous influence of the climatic factors studied, a multiple linear regression analysis was 
accomplished; taking into account the total number of adults captured weekly over the four years’ 
evaluation, in terms of precipitation, relative humidity and average temperature. 


RESULTS AND DISCUSSION 


Population dynamics 

The number of adults of Ch. externa collected varied during the year, with a 
seasonal influence and a difference in the number of insects caught in each year be- 
ing observed. The annual total number of insects collected in 1992, 1993, 1994, 1995 
and 1996 decreased year after year (853, 629, 575 and 313 specimens, respec¬ 
ti vely), with a great reduction in the fouith year of evaluation (45.6% as compared 
to the third year) (Table 1). In Praha-Ruzyne, Czech Republic, HONEK ( 1977) also 
recorded variations in the relative abundance and composition of the complex of 
aphid-feeding insects in evaluations accomplished in four consecutive years. 

In the SLirveys carried out in the first year, adults of Ch. externa were present 
in 46% of the samples, followed by 56%, 62% and 60% in the following years. 
Their presence was found in 112 samples, out of the 200 accomplished during the 
four years. 

The number of Chrysopidae specimens collected was 1682, 905,722 and 569 
consecLitively in the years of study, with 853 (50.7%), 629 (69.5%), 575 (79.6%) 
and 31 3 (55%) being Ch. externa, hence the most common species present in that 
orchard. 
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Table I. 

, 'Potal number of adults of Chrysopcrla externa collected over the period 1 
April/1996 on citrus trees. Lavras, MG, Bra/.il 

'rom May/1992 to 

Months 


Total/month 



t^eriod 1992/96 

1992/93 

1993/94 

1994/95 

1995/96 

Total/month 

Mean/month 

Mean/collection 

May 

3 

5 

33 

14 

55 

13.8 

3.6 

Jun 

3 

25 

38 

27 

93 

23.3 

5.3 

Jul 

13 

75 

10 

55 

153 

38.3 

10.0 

Aug 

125 

153 

150 

68 

496 

124.0 

29.1 

Sep 

687 

344 

328 

107 

1466 

366.5 

77.4 

Oct 

19 

13 

5 

24 

61 

15.3 

3.9 

Nov 

1 

0 

6 

7 

14 

3.5 

0.9 

Dee 

0 

0 

1 

0 

1 

0.3 

0.1 

Jan 

0 

2 

0 

0 

2 

0.5 

0.1 

Feb 

0 

0 

1 

0 

1 

0.3 

0.1 

Mar 

0 

7 

1 

1 

9 

2.3 

0.5 

Apr 

2 

5 

2 

10 

19 

4.8 

1.2 

Total 

853 

629 

575 

313 

2370 




In general, there was an incrcase in the number of adiilts capturcd from May 
on, wilh the peak in September, with totals of 687 (80.5%), 344 (54.7%), 328 
(57.0%) and 107 (34.2%) insects, in the years of 1992, 1993, 1994 and 1995, re- 
spectively (the values between parenthesis correspond to the percent over the total 
number of insects captured in each year). Siibseqiiently, there was a marked reduc- 
tion in the number of insects with a low occurrence or even their absence in the or- 
chard from November to March, the most critical period being that from December 
to February. Sampling carried out during the 4-year study period demonstrated that 
adults were present in ali months of the year, although only four specimens were 
collected during summer months (two in January 1994, one in December 1994, 
and one in February 1995) (Table 1). Similar results were obtained by Lara et ai 
(1977) who observed, for Chrysopa sp.*, a peak in August of 1974, when 192 indi- 
viduals were collected, corresponding to 59.1% of the total captured throughout 
the year with a marked reduction in insect number taking place in September, with 
only 38 individuals (1 1.7% of the total). 


'riiis spccics nuist bclong lo aiiolhcr genus of Chrysopidac, siich as Chrysopodes Navas, 
1913; Chrysopcrla Steinmann, 1964; Ccmcochtysa Adams, 19S2; or Plcsiochrysa (Adams, 
1982), siiicc Adams and F^ENNY (1986) and Brooks and Barnard (1990) mentioned that 
the genus Chrysopa Leacu, 1815 '\sensit stricto" doesn’t occur in the South-American fauna. 
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Infliience of weather factors 

The populations of Ch. externa showed greal sensibility to weather varia- 
tions occLirring over the period studied, with a significant negative correlation 
(P<0.05) being verified between each weather factor and the catches. There was an 
increase in the number of insects, associated with a decrease in the precipitation, 
relative hiimidity and temperature. Within the years evaluated and of the ranges of 
variation occurring for those weather factors, the driest (low precipitation and rela¬ 
tive humidity) and coldest (low temperatures) periods caused the increase of their 
population density. 

Precipitation. This factor negatively affected the population of adults, being 
a factor of importance in the occurrence of these insects among the years (Fig. 1). 
The correlation coefficient (r = -0.35) obtained by the analysis between this factor 
and the number of Ch. externa, confirmed that the increase in precipitation caused 
a significant decrease in the number of adults caught. The results showed the im¬ 
portance of seasonality of precipitation for the populations of Ch. externa similar 
to those obtained by HONEK and Kraus (1981), who demonstrated a negative ef- 
fect of precipitation upon the number of adults of Chrysoperla carnea (Stephens, 
1 836) caught in light traps in Praha-Ruzyne, Czech Republic. However, in a study 
from Itaguai, RJ, GOUVEA et al. (1 996a) observed that precipitation did not inter- 
fere in the population dynamics of Chrysoperla sp., with no significant correlation 
among these factors. In the same way, Lara et al. (1 977) did not find a significant 
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Fij». 1. Population dynamics of Chrysoperla externa adults over the period of May/1992 to 
April/1996 on citrus in rclation to precipitation. Lavras - MG, Brazil 
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correlation belween precipitalion and population density of adiilts of Chrysopa sp., 
in Jaboticabal, Sao Paulo, Brazil. 

Relative Immidity. There was a negative correlation between the number of 
insects collected and relative Immidity (r = -0.35). The driest conditions signifi- 
cantly increased the population density of Ch. externa in the area, enabling the 
catch of a greater number ofspecimens (Fig. 2). Likewise, Lara etal. (1977) veri- 
fied a negcitive correlation between relative air Immidity and the populations of 
Chrysopa sp. in citrus orchards in Jaboticabal, Sao Paulo, showing it to be the 
weather factor of greatest impoitance upon the population fluctuation of that 
chrysopid. Tauber and Tauber (1983) also stressed the effects of that factor 
upon the development, geographic distribution and the relative abundance of Ch. 
carnea and Chrysopa rufilahris (BURMEISTER, 1839) (= Chrysoperla rufilahris). 

Temperature. In general, this was the climatic factor which influenced popu¬ 
lation dynamics of Ch. externa adults the most, the observation being that lower 
temperatures caused an increase in the number of insects caught. 

Temperature may affect the geographic and seasonal distribution of several 
species of insects (TAUBER & TAUBER 1983). According to Cammel and Knigut 
(1992), this factor may have great inUuence upon the total number of eggs pro- 
duced as well as affect the oviposition behavior of each individual. Firstly, through 
its effect on the development of the immature stages of a species by affecting the 
size and weight of adults and, in females, often there is a close relationship be¬ 
tween the size of the body, number of ovarioles and eggs produced. Secondiy, it 
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Fij». 2. Population dynamics of Chrysoperla externa adults over the period of May/1992 to 
April/1996 on citrus in rclation to relative humidity. Lavras - MG, Brazil 
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may considerably affeci thc adults’ fecundity during the reproductive phase. This, 
more than any other physiological function, is adversely affected by temperature 
threshold. 

In contrast to the results obtained in this research on Ch. externa, was verified 
by Busoli (1992), a positive correlation between temperature and Chrysopo sp. 
populations in Monte Alto, Sao Paulo. His results also differ from those found by 
Lara et ai ( 1977) who found no significant effect of the maximum temperature on 
the populations of Chrysopa sp. present in a citrus orchard in Jaboticabal, SP. In re¬ 
search by Paiva et ai (1994), it was also found that both adults and larvae of 
chrysopids present in the citrus orchards occurred in a distinctive pattern through- 
out the year, with the greatest number of adults over the period of summer (41%). 

The minimum and average temperatures were the factors which had the 
greatest influence on the catches of Ch. externa adults. A correlation coefficient of 
-0.61 was found for the minimum temperature and of-0.52 for the average tem¬ 
perature (Fig. 3). The values of the coefficients showed that the fluctuations in the 
number of Ch. externa adults were due especially to the effects of the minimum 
and average temperatures, with the reduction in these factors producing a signifi¬ 
cant increase in the number of adults in the area studied. 

Similar results were obtained by LARA et al. (1 977) who determined a signif¬ 
icant correlation between the minimum temperature and an increase in the number 
of adults of Chrysopa sp. caught under conditions of lowest minimum temperature 



1992 1993 1994 1995 1996 


Fi”. 3. Populalion dynamics of Chrysoperla externa adults over the period of May/1992 to 
April/1996 on citrus in relation to temperature. Lavras - MG, Brazil 
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(mcan 13.3°C) which took place in Ihe monlhs from July to September 1974, in 
Jaboticabal, Sao Paulo. 

The correlalion coelTicient obtained for precipitation, relative hiimiclity and 
maximum temperature showed a similarity in the intensity of their effects upon the 
population densities of adults of Ch. externa. Conditions of low precipitation, low 
relative luimidity and moderate maximum temperature, which are typical during 
winter in the region of l.avras, caused less effect on the population increase which 
occurred in the coldest and driest periods in contrast to the more dramatic effect 
caused by the minimum and average temperatures. Likewise, the reduction of their 
populations in the rainy and hottest seasons, typical of the summertime, was not 
due, primarily, to increased precipitation and increase of the relative humidity and 
maximum temperature, but rather to the increase of the minimum and average tem¬ 
peratures. 

The greatest effect of temperature, especially of the minimum, on the Ch. 
externa populations, demonstrated their greater sensitivity to these conditions, 
within the thermal range found during the study period. Such conditions favored 
the population increase of adults, which occurred in greater number in the winter 
season. The pattern of population dynamies presented by this chrysopid differed 
from those found for most of the other groups of aithropods in tropical and temper¬ 
ate regions, which generally show population increases over the rainy and hot sea¬ 
son (Levings & WiNDSOR 1990). This seasonal behavior of populations of Ch. 
externa adults may have occurred due to their best adaptation to the climatic varia- 
tions to which normally they are submitted. These variations are characterized by 
well-defined summer and winter seasons, but not marked by such extreme and rig- 
orous conditions as occurs in the temperate regions. 

Adults of C/?. externa, when submitted to constant thermal conditions (15, 27 
and 30°C) had their population density affected negatively (FlGUEIRA 1998, M AI A 
1998). According to Cammel and Knight (1992), the data related to insect biol- 
ogy, obtained at constant temperatures, may cause certain errors when extrapo- 
lated to a natural environment, where the thermal conditions are oscillatory. Under 
relatively low average temperatures, the developmental rate will be greater under 
oscillatory thermal conditions than under constant conditions, the effect of which 
on insect biology will be greater under larger variations of the diurnal temperature. 
Thus, the thermal oscillations occurring in field conditions, especially in the period 
of winter, may be of vital impoilance for the development of C//. externa. These re- 
SLilts may be compared to those obtained by CiOlJVEIA et al. (I996b), which 
showed the high sensitivity of chrysopids to temperature variations, suffering great 
changes in their population density when submitted to relatively small thermal 
variations. 
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In the northern hemisphere, the months from April to September, corre- 
sponding to the spring and summer seasons, are in general the most favorable to 
the development of insects of the order Neuroptera (JUBB & MasTELLER 1977, 
Neuenschwander 8 l Michelakis 1980, HONEK & Kraus 1981, Campos 
1989, Marin & MONSERRAT 1991). a significant increase in the chrysopid popu- 
lation in August and September was documented by Zeleny (1984) in the Czech 
Republic. Likewise, in Rumania, Paulian (1996) found a variation in the popula- 
tion of chrysopids captured in light traps in terms of the time of the year, recording 
a greater occurrence during summeilime when over 90% of the total were cap¬ 
tured. 

In Praha-Ruzyne, Czech Republic, HONEK and Kraus (1981) documented 
significant conelation between adult Ch. carnea catches in light traps and temper¬ 
ature, wind velocity, precipitation and cloud amount. Precipitation showed a nega¬ 
tive effect on the Ch. carnea captured, resembling, therefore, the results obtained 
for Ch. externa here reported. However, opposite to the results here reported, they 
found that an increase of temperature positively influenced the population density 
of that species. 

The divergence between the results obtained for those chrysopids of the 
northern hemisphere and Ch. externa in relation to the effects of temperature, 
namely, the finding that higher temperatures have provided an increased number 
of insects captured in the north, may be due to thermal conditions during the winter 
which are characterized by extremely low temperatures unfavorable to their devel¬ 
opment. Increased temperatures during the summertime favored the catch, bring- 
ing aboLit a negative correlation between those two factors, adversely to what was 
shown for Ch. externa. 

The regression analysis of the total of Ch. externa adults captured weekly in 
the four years evaluated in terms of the weather factors (number of adults = Po + 
+ p, X precipitation + P 2 x relative humidity + P 3 x temperature + 8) was significant 
(P<0.01). The factor precipitation did not intluence the number of adults (P>0.05); 
but, the fit of the equation obtained was relati vely low (R^ = 0.106), indicating that 
the linear model used was not suitable to explain the joint effect of those factors on 
the changes in the size of the adult populations of this chrysopid. Thus, other mod- 
els may be more adequate for furnishing the best fit. 

Although, an increase in the number caught has been found in the coldest and 
driest period of each year, in general, its occurrence was observed though out the 
study period. Hence, there are times in which the weather conditions allow its sur- 
vival, but they are unfavorable to its growth, development and reproduction. Ac- 
cording to Cammel and Knight (1992) insect species may response differently to 


Acta z.ool. hurif». 4S (Suppi 2), 2(H)2 



DYNAMICS AND SEASONAL OCCURRENCE OF ADULTS OF CHRYSOPERLA EXTERNA 


309 


those conditions through physiological and behavioral changes capable of kceping 
them in their own habitat or to caiise their spread to more favorable locals. 
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SEASONAL FLIGHT PATTBRNS OF ANTLIONS 
(NEUROPTHRA, MYRMHLHONTIDAE) MONITORFD BY THE 
HUN(]ARIAN LIGHT TRAP NETWORK 

SZENTKIRALYI, \\ and I.. Kazinczy 

Department o/Zoolof^y, Piant Protectiori In.stitute of Hiinf^arian Academy of Science.s 
11-1525. Pudapest, P.O. Hox 102, Hun^ary; E-mail: Ii2404sze@ella.liu 

Fcw invcsligations have been conducted which characicrisc scasonal llight patlcrns of anl- 
lions, bccause of their usual small population size, sporadic and local occurrcncc, and sam- 
pling difficullics. Nighl-aclivc myrmclcontids arc atlractcd lo light sources, so light trapping 
can collccl them. The aiilhors have monilored Ihe seasonal llight activity patterns of ni ne anl- 
lion speeies over more than 20 years iising regular nighlly operatiori of the 60 light traps of the 
llungarian light trap network. 

Gencrally, the seasonal activity of adiilt antlions lasted from early May to the end of vSeptem- 
ber, and mass llight occurred in the period early June-late August. Time series analytical 
methods detected three characteristic species-groups with different seasonal llight-types. The 
three groiips were: (a) cariier active “late spring-early summer” llying antlions {Mef^istopus 
Jlavicornis, Myrmeleon formicarius, Nohoveus punctulatu.s)\ (b) intermediate “early antl 
mid-summer” llying antlions {Distoleon tetraf^rarnmicus, Myrmeleon inconspicuus, Myrme- 
caelurus trigrammu.\)\ (c) later “mid- and late summer” llying antlions {Creoleon plumbeus, 
Euroleon nostras, Acanthaclisis occitanica). Within groups the llight patterns were synchro- 
nised. One to foiir lO-day interval temporal separations were found betwcen general activity 
patterns of groups. Inirther stiidies are needed to iinderstand the ecological background to the 
differences between the seasonal Ilights of myrmcleontid species. 

Kcy words: Myrmeleontidae, antlion adults, llight activity pattern, seasonality, temporal sepa¬ 
ratiori 


INTRODUCTION 

Imagines and larvae of antlions are predatory insects possessing naliiral pro- 
tective valiie because of Iheir uniqiie larval foraging slralegies (obligate and faciil- 
tative pitmakers vs. non-pitmakers), rarity of certain species, and their aestlietic 
values. Antlion larvae are generalist predators. Like spiders they have a top-predator 
fiinction in insect food chains on the ground surface, especially in habitats where 
they are represented at high density. Only few stndies have described or analysed 
the seasonal flight patterns of myrmeleontid species from PTirope: CURTO & 
Pantalfoni 1987; from Australia: MacKfy 1988; from the Afrotropical region: 
Uoi.ZFL & OlIM 1990, CiUSTI:n 2001 ), because of their usually smaller population 
size, temporally sporadic and locally restricted occurrences, and practical difficul- 
ties of long-term sampling. Consequently, in order to recognise seasonality of 
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adults, long-term, year-to-year monitoring programs with aiitomatic collecting 
methods are necessary. European myrmeleontid species have positive phototaxis, 
so light trapping is one of Ihe best methods for regular sampling of myrmeleontid 
adults. In Hungary, an extended light trap network (some 60 light trap stations at 
agricLiltural and forest habitats) has been in operation since 1958. Over seasons, 
daily operation of these traps offers a splendid chance to study popiilation and as- 
semblage level changes and trends of these insects at different time (daily - sea- 
sonal - long-term) and spatial (local -regional -countrywide) scales. In this study, 
the authors present and analyse the long-term data-series on the seasonal tlight ac- 
tivity of adiilt antlions collected by this Hungarian light trap network. 

The aims of this study 

(1) To produce the general seasonal llight activity pattern of the selected 
myrmeleontid species based on long-term light trapping data. 

(2) To describe and characterise the flight patterns of various antlion species 
(start, pcak, and end of llight, mass Oight period, length of seasonal activity, mo- 
dality of seasonal activity distribution). 

(3) To compare flight patterns of different myrmeleontid species in order to 
describe synchrony level between them. 

(4) To find any characteristic antlion groups formed by similar seasonal 
flight patterns. 


MATERIAE AND METHODS 
Collecting method: light trapping 

The .Icrmy-typc trap applicd in the Hungarian network has operated without bafnes, using a 
white light source( 100 Watt, tungsten filament hulh in all agriciiltural and someforestry traps; or 125 
W mercury vapour hulh at other forestry trap sites). The light soiirce is at a 2-metrc height above the 
ground. Capture rate of adult antlions with light traps is usually smaller because of their lower llying 
speed, stronger stenotopy and lesser density. To achieve satisfying flying data on even more 
myrmeleontid species of a typical habitat, an expcrimental Minnesota-type light trap (100 W, normal 
white light) has been sel up on a protected sand dune area near Fulophaza in Kiskunsag National 
Park. Capture effectiveness of this trap type is considerably greater, because it has three baflles 
aroLind the light source. 
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Trapping sites 

The slations oftlie rcgiilar liglh trap nclwork wcre scaltcrcd in agriculliiral habilals siich as oi- 
chards, vincyards, arablc ficlds, parks, clc and in varioiis forest types such as oak, bccch, pine, elc. In 
addition to tlie trap on Ihe sand dune, tlight-dala ol adult anllions were prodiiced in 39 agriculliiral 
and 20 foreslry trap sites, respeclively. 

7'imin^ anci frecpiency ofsamplings 

The anllion adults were identibed IroiTi samples collected in agriculliiral arcas bclween 1981 
and 1995, and in forested habitats bclween 1977-1983, and sincc 1991. Lighl Iraps have collcclcd 
llying inscets cach night in Ihc period from the beginning ol' March or April lo the end ofOclobcr. 

Selected myrnieleontid species 

Scasonal llighl charactcrislics ofoiily nine myrmelconlid species coiild bc sludicd. Only ihc 
following species wcre represcnlcd by sulTicicnl individuals (al Icast 20 spccimens): Megistopus 
Jlavicornis (Rossi, 1790); Distoleon tctnigrcunmiciis (FABRICIUS, 1798); Mynnclcon inconspicuus 
Rambur, 1842; Mynnclcon fonnicarius LiNNAEUS, 1767; Eurolcon nostras (F-^OURCROY, 1785); Myr- 
niccaclurus trigrammus (PALLAS, 1781); Nohoveus punctulatus (Steven, 1822) (= Mynnecaclurus 
zigan Aspock, Aspock cl IIolzel, 1980); Crcolcon plumbeus (Olivier, 1811); Acanthaclisis occi- 
tanica (ViLLERS, 1789). 


Data processit]^ and statistical analyses 

To produce the incan scasonal nighl-paltcrns for the analyses, Ihc nighlly catehes wcre 
summed wilhin Icn-nighl inlcrvals over ihc season in cach ycar. Thesc lO-day uniis wcre counled 
from Isl of June forward and back in order to dccrcasc the shifts in monlhs caused by 31 st day of 
May, July, and Augusl. From all of ycars, calchcs of Ihc samc lO-day inlcrvals wcre summarised and 
averaged. From Ihcsc averaged data the scasonal dislribulion (%) of individuals caplurcd per 10-day 
inlcrvals was calculatcd for cach anllion species. The laller distribulions were used as ihc spe- 
cics-charactcristic scasonal llighl aclivity pallem. For assessment of intcrspccific synchronies (over- 
laps) bclween sca.sonal aclivity paltcrns, a lime series analylical mclhod, Ihc cross corrclalion 
function (CCF) was applicd (SZENTKIRALYI 1997, KadAr & SZENTKIRALYI 1998). The CCF values 
wcre calculaled using shifls wilh different number of lO-day inlcrvals bclween Ihe Iwo scasonal ac- 
livily pallcrns. Tablc 1 shows the maximal significant CCF values (/•) at 95% confidcnce Icvel, and 
the number of corresponding lO-day inlcrvals as lags. Using ihis mclhod, Ihe lower ihc number of 
lags atlachcd wilh a maximal significanl r values, ihe greater the synchrony bclween two patterns 
compared. For similarily analysis wc used more cluslcring methods that produccd Ihc samc resuit. 
Thereforc only onc of them is prcscnlcd in Fig. 7. 
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RESULTS AND DISCUSSION 

In the Central European region, myrmeleontid assemblages with the greatest 
species-richness and population size can be foiind on the extended sandy area be- 
tween the rivers Danube and Tisza in Hungary (Gepp & HOLZEL 1989). Thus, 
monitoring must be considered to be important in their protection. Hungarian rep- 
resentatives of antlions are ali attracted to light, and so light trapping can catch 
them. The majority of existing faunistic data on Hungarian antlions also came from 
light trapping network (Steinmann 1963). So far 15 species have been recorded 
in Hungary (SZIRAKI et ai 1992). However, this total includes single examples of 
3 rare immigrant or vagrant species, not known to breed in Hungary and thus not 
considered a pait of the Hungarian fauna, which is comprised of the remaining 12 
antlion species. There are scattered references in earlier Hungarian literature on 
seasonal occurrence and llight period of antlion imagines (BiRO 1885, SteiN- 
MANN 1963), but most of these refer only to the date of records and do not include 
detailed phenological analysis. It is understandable, since regular data collecting 
coiild start with setting up the light trap network. 

Properties characterising adult antlions like stenotopy (they rarely fly outside 
of their biotope), low vagility level (they Hy slowly and relatively weakly), low 
population density for several species, sporadic flight activity all contribute to the 
low number of captures at light traps. 

Nevertheless, today there are collecting data series from several years for this 
group of insects, though the majority of light traps did not operate in typical antlion 
habitats, and so the local seasonal patterns are not represented well by these data. 
Therefore, a general flight pattem was attained only by superposing data. Thus in 
the present study, the constructed seasonal Hight-activity patterns refer to a coun- 
trywide spatial-scale and a seasonal time-scale containing a mean of between-year 
and between-site variations. 

In years and sites of our study, a total of 11 antlion species were captured at 
light traps, of which two were represented by only 1-2 individuals {Neuroleon 
nemaiisiensis BORKHAUSEN, 1791, Denciroleon pantherinus FABRICIUS, 1787) and 
were excluded from seasonality analyses. The remaining 9 species belong to the 
more common species of antlions in Hungary, most of which are abundant in ap- 
propriate habitat. 

Characteristies of seasonal flight activity patterns 

Generalised seasonality pattenis of each antlion species are shown in figures 
1-3, and seasonal frequency distributions of the start and end of flight are repre¬ 
sented in Figs 4-6. Species exhibiting flight at the same period and expressing sim- 
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Fij». 1. Scasonal llight pattcrn or“latc spring-carly siiinmcr” active myrmcleontici spccics bascd on 
long-tcrm collcclions of thc light irap nctwork in I lungary. ( Y-axis: pcrccnt rates of mcan number of 
individuals caught during the same ten-day periods over thc monitoring years; N: total number of in- 

dividiials) 
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Myrmeleon inconspicuus 


N= 164 
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Myrmecaelurus trigrammus N= 129 



Fij». 2. Scasonal Hight pattcrn of “carly and mid-summcr” active myrmelconlid species based on 
long-term collections of the light trap network in Hungary. {Y-axis: percent rates of mean number of 
individuals caught during the same ten-day periods over the monitoring years; N: total number of in- 

dividuals) 
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Fij». 3. Sca.sonal Higlil patlern of “micl- and late summer” active myrmeleontid species based on 
long-term collections ofthe light trap nctwork in I lungary. (y'-^a7.y: percent rates of mean number of 
individuals caught during the same ten-day periods over the monitoring ycars; the pattern of A. 
occitcinica isgiven in individuals becausc ofthe low number ofeatehes; N: total number of individuals) 
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ilar seasonality are shown in sequence, so the antlions with the eaiiiest swarming 
are in Fig. 1 and latest ones are in Fig. 3. The same rank is used in Figs 4-6. 

M. flavicomis - This species, one of the antlions with the earliest seasonal 
nights, proved to be the most dominant in light trap samples (Fig. 1). Its flight lasts 





Fi". 4. Seasonal frcqucncy distribution ofthc start (pointcd columns) and end (striped columns) of 
ycarly mcan Hight shovvcd by “lalc spring-carly summcr” active myrmeleontid species, data based on 
collection of Hungarian light trap network 
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Fij». 5. Scasonal frcqucncy distribution ofthc stari (cmply columns) and cnd (black columns) of llighl 
showcd by “carly and mid-summcr” active myrmclcontid spccics, data based on collcclion of Hun- 

garian liglit Irap nctwork 
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from the beginning of May to the end of August. Mass flight period is allocated be- 
tween the beginning June and the second ten-day period in July, with a smaller 
peak in early June and with a greater activity peak in early July. Such a bimodal 
seasonal flight-activity distribution was also expressed by M. formicarius, D. 
tetragrammicus, and to a lesser degree by M. trigrammiis and A. occitanica. The 
explanation of this bimodality can be found in the phenomenon of protandry, ex- 
cept for N. punctulatiis and to a ceitain extent C. plumbeus as well. The protandry 
is known in case of antlions. For example, in M. bore, M. fornicarius and E. 
nostras it is also repoited by LOFQUIST and Bergstrom (1980) and Y ASSERI and 
Parzefall (1996). Studying seasonal sex distribution in recent study, males 
emerged and flew 1-3 ten-day periods eaiiier than females, depending on the given 
species. This time lag between flights of males and females can give the first sea¬ 
sonal peak in number of individuals when males are stili strongly active and fe¬ 
males start to IJy. Later, activity of high number of females added to stili active 
males build up the second, usually greater peak. Seasonal activity patterns of sexes 
and detailed analysis of local and annual variations of these will be covered in an- 
other article. 

Flight in M. flavicomis staits most probably in the last third of May-early 
June and declines at the end of July-beginning of August (Fig. 4). Steinmann’s 
(1963) data support the above seasonality characteristics, which suggest that imag¬ 
ines fly from early May to late August, and the highest frequency of this activity is 
during June in Hungary. BiRO (1885) also mentioned records of this species only 
from May and early June. 

M. formicariiis — It occurred in captures at many light trap stations, however 
it was represented by only 1-2 specimens. Its seasonal activity (Fig. 1) ranges from 
mid-May to the first third of August; the mass flight is between early June and the 
first ten-day period of July. Flight pattern is bimodal, with two activity peaks in 
early and late June. Steinmann’s (1963) data reveal that adults of this species fly 
from mid-May to early August and the activity peak is formed in mid-June. Be- 
cause of limited data, only the start of flight could be detected in several cases, 
these suggest that it takes place at the end of May and early June (Fig. 4). 

N. pimctulatus - its forest steppe belt area, this Mongol-eremial fauna 

element has its most Western habitats in Europe on the Hungarian sand dunes. A 
light trap set up in such a dune (Fiilophaza) provided most of its data. N. 
punctulatiis belongs to antlions with shorter rtight-period. Its flight lasts from the 
end of May to late August. Mass flight occurs in a shoit, 20-day period, which is 
also coincident with the activity peak in the last ten-day period of June. 
Steinmann’s records absolutely support all the characteristics presented here. 


Acta z.ool. hiin^. 4H (Suppi. 2), 2002 



SEASONALITY OF ANTLION ADULTS 


321 


The beginning of Hight of N. pimctulatus (Fig. 4) varies between the encl of May 
and late June and it is finished most probably in the first ten-day unit of Augiist. 

D. tetragrammicus - This species has a wider seasonal activity (Fig. 2), fly- 
ing from the end of May to mid-September. The pattern shows a considerable ac¬ 
tivity level between early June and early August with late June and mid-July peaks. 
Flight of this species starts during June (mainly at the beginning) and most proba¬ 
bly it ends in August (Fig. 5). wSteinmann\s (1963) records of D. tetragrammiciis 
indicate a seasonality of siniilar length: a period between early June and mid- 
September. Its mass tJight occurs a bit later in his data however, between the end of 
July and mid-August. According to BiRO (1885) this antlion Hies usually in July. 
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Fi}». 6. Seasonal frcqucncy distribution of the stari (empty columns) and end (black columns) of Hight 
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M. inconspicuus - Flight activity lasts from the beginning of June to 
mid-September (Fig. 2), mass flight takes place from eaiiy July to mid-Augiist. 
There is no definite activity peak; most individuals fly between mid-July and early 
August. Flight starts mainly at the end of June-early July and finishes in late Au- 
gust (Fig. 5). Most of records given by Steinmann (1963) coincide with the above 
mass flight period that form a peak in early August. BiRO (1885) stated that the 
flight of this species occurs in July. 

M. trigrammus - seasonal activity pattern is well distinguished from that 
of N. pimctiilatus (Fig. 2). Flight of M. trigrammus usually ranges from early June 
to late August, though ceitain individuals can be captured in September (see in Fig. 
2) or even in October (STEINMANN, 1963). The more intensive flight period of 
imagines can be observed from the beginning of July to early August and is charac- 
terised with a sharp peak in the last ten-day interval of July. Flight often starts in 
late June and ends in late August (Fig. 5). According to Steinmann’s (1963) data 
this species is active from the end of June to early October, its major flight activity 
can be find in early and late July. 
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A. occitanica - vSeasonal lliglil period expands belween early June and llie 
end of Aiigust (Fig. 3). Diie to the low number of collected individuals, Ihe mass 
riying period could not be detected, biit it is likely to have an activity peak in the 
first ten-day period of Aiigust. Records piiblished by vStrinmann (1963) support 
that it ilies from early June tili the end of Aiigust with an activity peak at the end of 
July. Biro (1885) also mentioned that adults of this antlion usually occur in Au- 
gust. In the case of A. occitanica, fuiiher light-trap samples are required in order to 
reveal the seasonal llight dynamics of imagines. 

C. plumbeus - The flight pattern shows (Fig. 3) that this antlion belongs to 
those species that have a shorter seasonal activity. Imagines are active from early 
July to early wSepteinber. Mass flight lasts from the third ten-day period of July to 
mid-August. The llight peak occurs in the first half of August. The start and end of 
flight are close to each other (Fig. 6): they are most frequent in late July and middle 
of August, respectively. Earlier records of Steinmann (1963) and BiRO (1885) 
support this phenology, mass flight of C. plumbeus given as between mid-July and 


mid-August, and peak activity taking 

place in 

the first ten-day period of August. 

Tahic 1. Degree oftemporal 

overlaps between seasonal llight patterns of myrmeleonlid species 
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E. nostras - T\\q seasonal activity pattern of this antlion species is shifted to 
the latest summer period. Imagines begin their flight in June, which lasts untii the 
end of September (Fig. 3). Mass tlight can be detected in the period from eaiiy Au- 
gust to eaiiy September with an activity peak in mid-August. Flight begins most 
frequently in July and it stops during September (Fig. 6). Steiniviann’s (1963) 
data also show that this species Hies mainly during August, and it is characterised 
with an activity peak in mid-August. Some individuals fly later, even in 
mid-October. BiRO (1885) also noted one record of E. nostras found in September. 

Level of interspecific synchrony hetween adult flight patterns 

A look at the tiight diagrams instantly illustrates that seasonal acti vities of ali 
the antlion species studied are not synchronised with each other, some species lly 
earlier, others later, and so it seems that they can be categorised into flight-groups 
according to these characteristics. In order to analyse the rate of interspecific sepa- 
ration/oveiiap between seasonal activity patterns, the whole available light trap da- 
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Fif». 8. Mcaii seasonal activity patterns ot' antlion groups with characteristic three llight-types basecl 
on collcctions of long-term monitoring light trap network in I lungary (•; “late spring-early summer” 
flight group M. flavicomis, M. formicariiis, N. pimctiilatus\ ■; “early and mid-summer” flight group 
D. tetragrammiciis, M. inconspicuus, M. trigrammus\ A: “mid- and late summer” flight group A. 

occitanica, C. plumbeus, E. nostras) 
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labase was investigated iising time series analysis. CCF fiinctions were calculated 
and maximal significant r values with corresponding lags in niimber of ten-day pe- 
riods were arranged in table (Table 1) by every possible comparison between pairs 
of species. Lag numbers indicate (regardless of the plus-miniis sign) the degree of 
shift/separation in ten-day intervals between Hight patterns of antlion species, re- 
flecting the rate of synchrony. Data in Table I illustrate well that depending on dif¬ 
ferent species, the valiies are ranged froni total synchrony (no. of lags = 0) to 5-6 
ten-day interval separation (a period of 1.5-2 months!). Arranging lag valiies it be- 
came ciear that Hight patterns of certain species were similar and synchronised with 
each other (0 lag), while they were more or less separated from others (2-6 lags). 

Detection of characteristic groups of scasonal flight-pattenis 

In order to show from former results the expected groiips gathering species 
with identical seasonality, cliister analyses were carried out involving various sim- 
ilarity methods. All the similarity analyses used on patterns of the 9 species con- 
firmed the existence of the same 3 characteristic Hight groiips (Fig. 7): a well- 
separated earlier active antlion groiip {M. flavicomis, M. formicarius, N. punctu- 
latus), and two more or less overlapping groups with later seasonal activity. The 
latter two groups consist of the species triplets D. tetragrammicus, M. incon¬ 
spicuus, M. trigranimus and A. occitanica, C. plumbeus, E. nostras. Within these 
three seasonality groups, Hight patterns are well synchronised between species 
(see in Table 1 the greyish cells with lag = zero or 1). 

General seasonal patterns of characteristic flight groups of antlions 

Table 1 shows Hight activity pattern of characteristic Hight groups, calcu¬ 
lated from the total light trap catches of antlions belonging to each indicated 
groups. The separation of the seasonal activity patterns of the three groups and the 
partial overlap between them can be easily observed. According to this, the follow- 
ing seasonality is characteristic of the three groups. 

A - The eaiiiest active is the M. flavicomis, M. fonnicarius, N. punctulatus 
group with a “late spring - early summer” Hight-type. Mass Hight ranges from the 
beginning of June to mid-July with an activity peak at late June - early July. 

B - Members of the “early and mid-summer ’ Hight-type group: D. tetra- 
grarnmicus, M. inconspicuus, M. trigranimus. Characteristic mass Hight lasts from 
the beginning of July to early August, and the flight peak is allocated in the third 
ten-day period of July. 
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C - Group of “mid- and late siimmer” Higlit-type: A. occitanica, C. plum¬ 
beus, E. nostras. Main Hight period of Ihis group lasts from the end of July to late 
August/eaiiy September. 

There is a mean lag of 2-3 ten-day periods between flight patterns of group 
(A) and (B), while the rate of separation between group (A) and (C) is a lag of 3-5 
ten-day periods (Table 1). The lag between patterns of group (B) and (C) is usually 
1-2 ten-day period. It seems that depending on latitude, there is a geographical 
variation in the seasonal allocation of emergence and flight periods of the same 
myrmeleontid species. In northem latitudes in Europe (e.g. LOFQUIST & BerG- 
STROM 1980, Yasseri & Parzefall 1996) adults of M. formicarius emerge later 
(in July), while E. nostras adults emerge earlier (mainly in July) than in Hungary at 
more Southern latitudes. 

Other phenological analyses from literature also suggest that it is possible to 
have a shift between main llight periods of different antlion species at the same 
habitat. Within European antlions, CURTOand Pantaleoni (1987) in Southern It- 
aly found such partial time separation between seasonal activities. According to 
their published activity diagram, llight peaks of antlion species Creoleon lugdu- 
nensis VllXERS, Macronenmriis appendiculatus (Latreille) and Neuroleon ege¬ 
nus Navas followed each other in this order with a 2-week lag. This time-lag pe¬ 
riod caused an easily detectable separation in both of the start and end of llights. 
MacKey (1988) in Australia (Queensland) monitored with light traps for 7 years, 
and recorded 13 myrmeleontid species. Although individuals of the observed ant¬ 
lion species occuned very sporadically over the whole year, there was a tendency 
that llight activity level increased in certain periods of the season (October-No- 
vember and February-March). Mackey (1988) thought that these increases in 
abundance indicate 1 or 2 possible annual generations, but he does not deny the 
chance that these are related to a longer emergence period and long adult life. HOL- 
ZEL and Ohm (1990) on Cape Verde Island reported on the seasonal activity distri- 
bution of some antlion species collected with light traps. Reviewing their data, 
there can be detected a noticeable tendency between the flight peaks to shift from 
each other. In Tunisia, North Africa, GOSTEN (2002) carried out detailed collec- 
tions of antlions with poitable light traps. On the basis of his records, he detected 
that antlions had seasonality, certain species expressed early-season llight activity, 
while others were characterised with late-season activity. Early-season species 
were Maracanda lineata NavAs and Macroneniurus elegantulus McLacHLAN, 
while Geyria saharica EsbeN-Petersen and Acantliaclisis occitanica were listed 
among late-season antlions. 
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So far, the factors reasonable for partiai separalion between seasonal llighl 
activity pallerns of Ihe sliidied Hiingarian antlion groiips are nol kiiown. It is iin- 
likely Ihat altcrnative foraging slrategies of larvae (Ihere are pitmakers and non- 
pilniakers in ali ihe Ihree groiips), or variability of developmental period (in each 
groups there are species wilh 1 or 2 years of developmental period), or changes in 
size of body (smaller or larger bodied imagines are among the members of each 
groups) or possible competitions might explain the seasonal separations between 
the ceilain groups of antlions. In the future, the responsible factors and ecological 
consequences of this phenomenon should be investigated. 


CONCLUSIONS 

The general length of seasonal activity of antlions lastcd from early May to 
the end of vSeptember. The mass llight of studied antlions feli into the period of 
early June - late August, while the start and end of llight ranged from early May to 
late July and from mid-July to late September, respectively. These seasonal char- 
acteristics showed between-year and species-specific variations (Figs 1-6). 

Although the overlapping of the whole seasonal flight patterns of antlions are 
significant, there are certain separations between the species depending on tempo- 
ral allocation of mass llight period and flight peaks. The shorter (A^. piinctiilatiis, C. 
plumbeus) or longer l). tetra^rammicus, M. inconspicuus, M. flavicomis) 
length of seasonal activities may rellect a shorter or longer emergence period or 
adult life span. 

On basis of statistical analyses (Figs 7-8, Table 1) the studied adult myrme- 
leontids belong to three Ilight-types forming species groups with different seasonal 
activity pattern. These three groups are: (a) earlier llying group |EF| with ‘1ate 
spring-early summer” llight pattern M. flavicomis, M. fonnicarius, N. punctu- 
latus; (b) intermediate llying group |MF| with “early and mid-summer” llight pat¬ 
tern D. tetra^ranunicus, M. inconspicuus, M. 1n^ranvnus\ (c) late llying group 
|LF| with “mid and late summer“ llight pattern C plumbeus, E. nostras, A. occi- 
tanica. 

Within these groups, the Ilight-activity patterns between the species were 
closely synchronised (Table 1), while the between-group comparisons detected 
lags with I to 6 ten-day intervals between the seasonal activities. The separation in 
the generalised flight patterns (Fig. 8.) were 2 ten-day intervals between |EF| & 
|MF |, 4 ten-day intervals between 1EF| & |EF|, and 1 or 2 ten-day intervals be¬ 
tween |MF| & |LF|. 
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Similar separation was found between seasonal activity patterns of other Eu- 
ropean and tropical/subtropical antlion species. Further investigations are neces- 
sary for Ihe ecological background to explain the seasonal differences between the 
flight patterns. 
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LACEWINGS AND SNAKHFLIES 
(NEUROPTERA, RAPHIDIOPTERA) AS PREY FOR BIRD 
NESTEINCiS IN SI.OVAKIAN FOREST HABITATS 

SZENTKIRALYI, F. aiicl A. KRISTIN 

Department ofZoology, Piant Protection Institute, Hungarian Academy of Science.s 
11-1525, Budape.st, P.O.Hox 102, Hungary: E-tnail: li2404,szc@ellci./iii 
'^3u,stitiite of Fore st Ecology, Slovak Academy of Sciences 
SK-96053, Zvolen, Stiirova 2, Slovakia; E-tnail: kristin@sav.savz.v.sk 

Songbirds in Ihcir brccding period arc amoiig the mosl important predators orneuropteroid in- 
scets. The sccond aiithor has conducted a long-tcrm study oii dict 0140 species of songbirds in 
the nestlifig period (May-Jidy) since 1978 in mountainous oak-hornbeam, beech-oak, and 
beech-coniferoiis forests in Central Slovakia. More than 60,000 food items wcre collected pre- 
dominantly by the neck-ring method and to a lesser extent by pellet, stomach, and dropping 
content analysis. The proportion of Neiiroptera and Raphidioptera in food of nestlings of 17 
bird species ranged between 0.1-3.9% and 0.1-4.4%, respectively. 

Among the 4 raphidiid, 7 chrysopid, and 5 hemerobiid species recorded in diets, the most 
abundant were Diclirostigma Jlavipes (adults), Nineta pallida (larvae), and Ilemerohius mi¬ 
cans (adiilts). The chrysopids were present with the greatest dominaiice (59%) in the food 
coinposition of foliage gleaners, while hemerobiids were captured in higher proportions 
(50%) by bark foragers. The raphidiids were collected mainly by the generalist Eiccdula alhi- 
collis (61%), and by bark foragers (36%). In the dict coinposition of groiind foragers only a 
low number of neuropteroids were present. The samplcd birds caught the highcsl niimber of 
individuals frorn the three familics of neuropteroids in the period between mid-May and carly 
Junc. 

Kcy words: Neuroptera, Raphidioptera, Chrysopidac, Hcmerobiidac, Raphidiidac, songbirds, 
food of nestlings, foraging mode 


INTRODUCTION 

In Iheir brccding period, Ihc songbirds may bc among the most important 
predators of neiiropteroid inseets. According to the niimerous data published in the 
World literature, the proportion of neiiropteroid inseets in the food composition of 
birds ranged between 0.4-4.0% (mean: 0.95%) in agriciiltiiral habitats, and 
0.1-12.0% (mean; 3.5%) in forests. These values show that neiiropteroid inseets 
are freqiiently foiind with miieh higher rates among the prey of songbirds than with 
whieh (<1%) they are iisiially represented in inseet assemblages of their habitats. 
Contrary to the many stiidics on feeding and food preferenee of birds, only a few 
laeewings and snakeflies were identified at speeies level among prey of birds 
(Bftts 1956, 4 chrysopids; KozenA 1975, 1 chrysopid, 2 hemerobiids, and 1 
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raphidiid; SZENTKIRALYI and TOROK 1983, 7 chrysopids, 6 hemerobiids, and 4 
raphidiids; Bures 1986, 1 heinerobiid, 3 raphidiids). During the last twenty years, 
the second author has carried out a long-term sludy on the diet of 40 songbird spe¬ 
cies in the nestling period in Central Slovakian forests. He found that the songbirds 
can feed on a large amount of homopteran insects (mainly aphids and psyllids) and 
numerous aphidophagous coccinellids and syiphids (Kristin 1988, 1991). Recent 
study relates to the Identification and data analysis of the chrysopids, hemerobiids, 
and raphidiids captiired by birds in Central Slovakian mixed forests over 17 years. 

The aims ofthis study 

(1) To identify which songbirds captured which neuropteroid species during 
their breeding period. 

(2) To show the extent to which the neuropteroid species composition in the 
food of birds corresponds to the expected one in the given forest habitats. 

(3) To analyse the variation in the proportion of neuropteroid prey groups in 
relation to the foraging mode (hunting style) of bird species. 

(4) To describe the seasonal dislribution of the prey neuropteroid families in 
the diets of nestling. 


MATERIAL AND METHODS 


CoHecting methods 

The food samplcs wcre taken predominantly by a modificd ncck-ring mclhod (93.2%). In 
smallcr quanlily, pellet and slomach analysis (3.2%), and dropping analysis (3.6%) wcre also used. 
The eollars around the neck were applied to 3-15 days old bird nestlings. Collection of food samples 
from birds was carried out between 7'' and 18'‘ during the nestling period of May, June, and July. A 
sampling unit means all food (arthropod) items captured by the bird parents during a 2-hour time pe¬ 
riod. Ali types of fcx)d samplcs were preserved till examination in 75% alcohol. The numbers of sam- 
plc Linits and arthropod food items per studied birds are presented in Table 1. 


Sampling sites and periods 

The invesligations were conducted in the Central Slovakian mountains Kremnicke Vrchy. The 
samplcs wcre collected in threc localities of this mountainous arca in oak-hornbeain, bcech-oak, and 
bccch-conifcrous mixed forests scattercd with xerothermoiis habitat patehes, as follows: 

Kovacova valley near Zvolcn (19"()6’E, 48"38’N), SW-SE slope, between 400-530 m a.s.l. 
Vegetation comprised by rclatively homogeneous, 20 ha sizcd, 80-100 years old stands of 
Qiierco-Fci^etum (80%) and Fa^eto-Qiierceliim (20%) forest associations. In the vicinity therc was 
also a forest of Fagetwn-Carici pilosae mixed with coniferous tree (spruce, fir) stands. 
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Strazc-mounlain, near Zvolcii (19''()7’E, 48”34’N), 380-440 m a.s.l. 3’hc vcgclion type was 
oak-hornbcam mixed forest associalion, Carpinenion betidi-Carici pilosae. 

Polana-moLinlain, near Zvolen (19°08’E, 48°35’N), 1300 m a.s.l. The vegelalion type was 
Sorbe to-Piccctum. 

E()(xl malerial was sampled over the years between 1978 and 1994, during the period May-Jiily. 

Bird species stiidied 

A. KriStin has stiidied feeding ecology of 40 Eiiropean songbird species (Passeriformes, 
Picilbrines, and Coraciiformes). Alter examination ofmore than 60,000 food items collccted by adiilt 
birds in breeding periods, neiiropteroid insects were found in diets of 17 bird species (see in Table 1). 
Only 1 1 bird species produced higher niimber of neiiropteroid food items in siilTicient condition for 
taxonomic identification. They are as it follows Certhia familiaris (Tree Creeper), Pendrocopos ma¬ 
jor (Great Spotted Woodpecker), Erithaciis rubecida (Robin), Ficedula albicollis (Collared I4y- 
cateher), Fringilla coelebs (ChalTinch), Parus ater (Coal Tit), Parus major (Great Tit), Phyllo.scopus 
collybita (ChilTchafO, Phyllo.scopus sibilatrix (Wood Warblcr), Primella modularis (Diinnock), 
Sitta europaea (Niithatch). The foraging modes of these birds are given in Table 1-2. 

Data evaluation 

Percentage proportion ofeach arthropod order in the diet of nestlings was calciilated for total 
samples for each studied bird species (Table 1). Proportions of Neiiroptera, (Chrysopidae, llemero- 
biidae), Raphidioptera and potential prey of these groiips (Homoptera: aphids and psyllids) are 
shown in Table 1. Bird species are grouped according to Iheir prey foraging mode (hiinting style): fo- 
liage gleaners, bark foragers, ground foragers, and feeding generalists. The neiiropteroid prey- 
species of the members of these foraging groups are presented on Table 2. Table 3 shows the ecologi- 
cal characteristies, dominance (D%) of individual niimbers, and percentage ratio of neuropteroid spe¬ 
cies found in the diet composition of nestlings arranged by foraging mode of the birds. The individual 
numbers of Chrysopidae, Hemerobiidae, Raphidiidae occurring in food items were sunimed within 
each family according to foraging modes. Erom these sums two kinds of percentage distribution were 
calculated: (a) distribution of individuals (as food items) ofeach neuropteroid family among the 4 
diet-groups acquired with the 4 foraging modes; (b) distribution ofthe 3 neuropteroid prey farnilies in 
the diet of bird group ofeach foraging mode, which rellect on a prcfcrence of birds to capture a cer- 
tain family. Results are shown in Table 4. A temporal grouping has also been made on samples ofthe 
3 neuropteroid farnilies collected by birds. Forthis number of lacewing individuals was summarised 
both for adiilts and larvae in lO-day intervals over period of May-June. This seasonal distribution of 
farnilies in bird food during the breeding period is illustrated in Fig. 1. 
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RESULTS AND DISCUSSION 

Proportion of Neiiroptera and Raphidioptera 
among arthropod food kinds ofbirds 

After examinatiori of more than 60,000 food items it turned out that 
neuropteroid insects were found only in nestling diets of 17 bird species. Arthro- 
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Fig. 1. Seasonal distributiori (%) of neuropteroid insect families in the food of bird nestlings in Cen¬ 
tral Slovakian forests collected over 1987-1993 (The data were calculated by the three 10-day peri- 
ods per month. Black columns: percent of larvae, striped columns: percent of adults.) 
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Table 1. Proportion of Neuroptera (NE), Raphidioptera (RA), Homoptera and other food kind groups in the diet of bird nestlings collected by 
the neck-ring method in Slovakia during period of 1978-1993 (FM = foraging mode; FS = number of food sample; FI = number of food items) 


Bird species 

FM 

FS 

FI 






Kind of food items {%) 






NE 

RA 

no 

GL 

IDC 

AR 

OR 

HE 

LE 

CO 

HY 

DI 

OT 

PS 

Parus ater 

FG 

206 

1104 

0.8 

- 

44.9 

0.8 

- 

15.9 

3.7 

1.1 

27.6 

1.2 

0.9 

2.4 

0.6 

- 

Parus caeruleus 

FG 

250 

550 

0.5 

- 

4.2 

1.1 

- 

31.3 

- 

1.1 

56.9 

4.2 

- 

0.7 

- 

- 

Parus major 

FG 

773 

1287 

0.1 

- 

2.3 

1.8 

- 

18.9 

1.1 

- 

60.3 

5.4 

0.2 

9.5 

0.2 

0.4 

Phylloscopus collybita 

FG 

233 

1365 

2.5 

- 

23.7 

2.6 

0.1 

11.5 

0.8 

8.4 

15.5 

0.2 

2.2 

25.1 

7.3 

- 

Phylloscopus sibilatrix 

FG 

90 

312 

3.9 

0.6 

10.6 

4.5 

- 

17.6 

- 

4.1 

11.2 

5.8 

1.6 

38.8 

1.3 

- 

Remiz pendulinus 

FG 

260 

856 

0.3 

- 

46.3 

1.6 

- 

35.2 

- 

0.8 

14.2 

1.2 

0.2 

- 

- 

- 

Ce rthia fami l ia ris 

BF 

82 

809 

1.1 

0.7 

40.7 

1.4 

0.1 

12.9 

- 

2.1 

15.1 

1.4 

1.2 

9.6 

17.2 

- 

Dendrocopos major 

BF 

31 

1390 

0.1 

0.5 

14.9 

0.1 

0.4 

4.7 

- 

0.7 

6.3 

8.2 

47.8 

11.5 

0.1 

5.0 

Sitta europaea 

BF 

1585 

10892 

0.5 

0.1 

9.6 

0.7 

0.4 

9.1 

0.1 

17.2 

28.7 

15.0 

2.4 

14.7 

1.4 

0.1 

Erithacus rubecula 

GF 

150 

457 

1.5 

- 

11.8 

0.7 

6.6 

17.5 

0.2 

0.7 

16.6 

14.0 

8.8 

16.6 

4.8 

0.2 

Oenanthe oenanthe 

GF 

65 

234 

0.4 

- 

5.5 

0.8 

0.8 

5.1 

11.9 

- 

28.5 

22.1 

13.6 

11.1 

- 

- 

Prunella modularis 

GF 

173 

3957 

1.7 

0.3 

38.7 

1.6 

0.8 

20.6 

0.1 

0.4 

7.7 

3.4 

2.3 

9.0 

13.3 

- 

Troglodytes troglodytes 

GF 

94 

522 

- 

0.2 

15.1 

- 

6.9 

29.1 

- 

1.0 

7.1 

1.5 

- 

29.9 

9.2 

- 

Turdus merula 

GF 

86 

160 

1.2 

- 

0.6 

18.8 

10.7 

4.9 

- 

0.6 

34.4 

12.4 

4.4 

8.8 

0.1 

3.1 

Merops apiaster"^ 

AF 

125 

2174 

0.1 

- 

- 

- 

- 

- 

0.2 

2.6 

2.9 

16.3 

70.5 

5.1 

2.3 

- 

Ficedula albicollis 

GE 

451 

3432 

1.6 

4.4 

4.3 

0.3 

2.7 

12.3 

0.4 

5.6 

16.3 

19.3 

14.4 

18.0 

0.4 

- 

Passer montanus 

GE 

1120 

5820 

0.1 

- 

25.8 

0.8 

- 

4.4 

0.2 

1.3 

29.0 

20.8 

0.7 

12.4 

0.1 

4.4 


Abbr.: FG= foliage gleaning, BF= bark foraging, GF= ground foraging, AF= aerial foraging, GE= generalist forager; NE= Neuroptera; RA= 
Raphidioptera; HO= Homoptera; GL= Gastropoda, Lumbricidae; IDC= Isopoda, Diplopoda, Chilopoda; AR= Araneae, Opiliones; OR= 
Orthoptera; HE= Heteroptera; LE= Lepidoptera; CO= Coleoptera; HY= Hymenoptera; DI= Diptera; OT= other insect groups; PS= piant seeds; 
* : food studied by pellet and stomach content analysis. 


NEUROPTEROID INSECTS IN FOOD OF BIRDS 







334 


SZENTKIRALYl, F. & A. KRISTIN 


pod diet compositiori (%) of these 17 bird species is presented on Table 1. Ali birds 
preyed on Neuroptera except for one species, contrary to Raphidioptera, which 
coLild be foiind only in the food of 7 bird species. The propoition of Neuroptera and 
Raphidioptera ranged between 0.1-3.9% and 0.1^.4%, respectively. The major- 
ity of bird species captured relatively few individuals from order Neuroptera, and 
lacewing dominance in their diet was below 1 %. Neuropteran insects were repre- 
sented with the highest (at least 1.5%) ratio in food of the 5 following bird species: 
Phylloscopiis sibilatrix (3.9%), Ph. collybita (2.5%), Priinella modularis (1.7%), 
Ficedula albicollis (1.6%), and Erithacus rubecula (1.5%). These rates of Neuro¬ 
ptera are higher in bird food than their expected natural proportion within arthro- 
pod assemblages, which usually does not exceed 1 % dominance value. Preference 
for lacewings found in food composition of House Maitins {Delichon urbica) was 
explained by Bryant (1973) with their higher amount of fat. This factor might be 
responsible for the higher ratio in nestling diets of our study. We can observe that 
the ratio of homopteran insects is also generally higher (at least 10%) in cases of 
greater Neuroptera proportions (Table 1). It means that if birds hunt from plants 
strongly infected with aphid or psyllid colonies, than they also can encounter and 
prey on aphidophagous insects more frequently. Ratios of Raphidioptera stay un¬ 
der 1 % except for one case (Table 1). They are mainly preyed upon by bark forag- 
ers. The exception Ficedula albicollis, which bird is a generalist forager, captured 
the individuals of Raphidiidae among arthropods in rate of 4.4%. 

Species composition and dominance 
of neuropteroid insects in the food of birds 

Table 2 shows the number of individuals of identifiable lacewing species col- 
lected by birds. Four species of Raphididiiae were recorded, overwhelming major- 
ity of them were imagines. Dichrostigma flavipes (D = 62%) and Phaeostigma 
notata (D = 31 %) were represented with the highest dominance within the snake 
flies groLip (Table 3, column D). Birds captured individuals from seven species of 
the family of green lacewings. Nineta pallida was the most dominant (D = 70%), 
birds caught mainly its well-developed stage larvae. The proportion of N. 
pallida larvae was about three times greater than that of adults. In dominance rank 
of order Dichochtysa prasina was the second with neaiiy rate of 12%. Predomi- 
nantly ground forager birds preyed on the latter lacewing species. 

Five species were identified from the family of brown lacewings. Among 
them, Ffemerobiits micans proved to be the most dominant species (D = 69%). 
Drepanepteryx phalaenoides (14%) and H. humulinus (11%) followed it in the 
dominance rank order. While for chrysopids the larval stage was represented in the 
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Table 2. Number of individuals of identifiable neuropteroid species from food of birds collected in Central Slovakian forests over 1987-1993 


Neuropteroid species 

Foliage gleaner 

Bird species 

Bark forager 

Ground forager 

Gen. 

PMA 

PAT PCO PSI 

FCO SEU DMA CFA 

ERU PMO 

FAL 

Raphidiidae 





Phaeostigma notata (FABRICIUS) 

1 

13 


12 

Dichrostigma flavipes (Stein) 

1 

17 3 2 


38 

Xanthostigma xanthostigma (SCHUMMEL) 


3 



Puncha ratzeburgi (BRAUER) 


2 


1 

Chrysopidae 





Nineta pallida (SCHNEIDER) 1 

6 17 

4 1 


1 

Nineta flava (SCOPOLI) 




2 

Dichochrysa prasina (BURMEISTER) 

1 


4 


Chrysopa viridaria SCHNEIDER 

1 




Chrysopa abbreviata CURTIS 




1 

Peyerimliofpna gracilis (SCHNEIDER) 



1 


Chrysoperla lucasina (LaCROIX) 


1 


2 

Hemerobiidae 





Hernerobius micans Olivier 

4 4 

9 

3 3 

2 

Hemerobius hurnulinus LiNNAEUS 


3 


1 

Hernerobius marginatus STEPHENS 

1 




Syrnpherobius elegans (STEPHENS) 

1 




Drepanepteryx phalaenoides (LiNNAEUS) 


5 




Abbreviation: Gen. = generalist forager; PMA = Parus major, PAT = Parus ater, PCO = Pliylloscopus collybita, PSI = Phylloscopus sibilatrix, 
FCO = Fringilla coelebs, SEU = Sitta europaea, DMA = Dendrocopos major, CFA = Certhia familiaris, ERU = Erithacus rubecula, PMO = 
Prunella modularis, FAL = Ficedula albicollis 
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majority (73%) of food items against adiilts, in the case of hemerobiids the adults 
were dominant (64%), against larvae. Raphidiids was represented almost exclu- 
sively by imagines wilh a ratio of 98%. 

Species composition of neuropteroids found in nestling food reflects well on 
forest vegetation of the given habitats, climatic conditions, preference for vertical 
distribution and abundance level of lacewings (see Table 3). There were mixed for- 
ests at the sampling sites, where both stands of deciduous tree species {Quercus, 
Carpinus, and Fagus) and coniferous trees {Picea, Abies, and Pinus) also oc- 
CLirred. These forests, especially their bushy borders, frequently have ecotones 
with drier and warnier microclimate. Comparing these characteristics of sites with 
the ecological requirements of recorded neuropteroid species, a noticeable coinci- 
dence can be found. Members of family Raphidiidae prefer xerothermous, lighter 
oak and coniferous forest stands living at shrub and foliage-crown level. Represen- 
tatives of family Chrysopidae consist of mainly such abundant species that are 
ubiquitous. Two green lacewing species strongly indicate coniferous trees, namely 
N. pallida (prefers Picea abies) and Peyerimhojfina gracilis (prefers trees of Picea 
and Abies species). Other green lacewings are mainly inhabitants of deciduous for¬ 
ests. The brown lacewings found are ubiquitous and thermophilous species with- 
oiit exception, and they are usually abundant in deciduous forests and prefer verti- 
cally the foliage crown level. Those neuropteroid species, which are generally 
abundant in their habitats (D. flavipes, N. pallida, Dichochrysa prasina, or H. 
micans, Table 3), were also represented in greater proportion in the food of birds. 
The generalist feeder F. albicollis during its breeding period collects prey mainly 
by foliage-gleaning and bark-foraging hunter techniques. vSnake flies often rest on 
tree barks, therefore they easily become preys of this bird. This explains the higher 
propoition of the two raphidiid species in the diet of F. albicollis. 

Neuropteroid prey distributioris among foraging niodes 
and within foraging modes of birds 

Table 4 and 5 summarises the two distribution types of neuropteroid foods. 
From the two distributions it can be see that foliage gleaners collected chrysopid 
prey at the highest rate (59.1 and 66.7%). This is understandable, since larvae oiN. 
pallida living on pine foliage formed the majority of lacewing prey of birds. 
Hemerobiids were rather recorded in the diet of bark foragers (50 and 40%). The 
rate of brown lacewings in neuropteroid food of ground foragers was relatively 
high (61 %), however it means only a few individuals (<10), mainly FI. micans. A 
smaller proportion of hemerobiids (20 and 26%) appeared among prey of foliage 
gleaners, represented by the previous species as well. In both distribution types, the 
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1'al)k‘ 3. C'haractcrislics of irce prcfcrcncc (TP), abuiidance Icvcl (AliL), xcrolhcrmo-prcrcrciicc 
(X'rP),and vcrlical habitat prcfcrcncc (VHP) ofthc nciiroptcroid spccics and thcirpcrccntagc distri- 
biition in thc Ibod of bird ncstlings capturcd by different foraging modes foliage glcaning, IH*: 
bark foraging, GF^': groiind foraging, GIb gcncralist; D: spccics dominancc% witliin nciiroptcroid 
family in food of birds) in vSlovakia during 1987-I993 


Nciiroptcroid spccics 

rp 

APL 

XTP 

VHP 


F'oraging rnode 


D (%) 






FC. 

BF 

GF 

GE 


Rapiiidiidaf 










Phaeosti^nia notata 

Co,Q 


XT 

c 

2.6 

24.5 


20.0 

30.9 

Dichrostiff/na Jlavipcs 

p.o 

A 

XT 

S,H 

5.0 

22.6 


63.3 

61.9 

Xanthostij^tna 

.xanthosti^nia 

Co,Q 


X 

s 


5.7 



3.6 

Puncha ratzebur^i 

Co,Q 


xr 

c 


3.S 


1.7 

3.6 

Total 





7.6 

56.6 


85.0 

100 

CHRYSOPIDAE 










Nineta pallida 

P 

A 


c 

61.5 

9.4 


1.7 

69.8 

Nineta flava 

D 

A 

IJ 

c,s 




3.3 

4.7 

l)iclio('lirysa prasina 

19 

A 

U 

c,s 

2.6 


36.4 


1 1.6 

Clirysopa viridaria 

Q 


r 

c,s 

2.6 




2.3 

Chrysopa abbreviala 




H 




1.7 

2.3 

Peyerinihojfina praeii is 

P,Ab 



c 



9.1 


2.3 

Chrysoperla lucasina 


A 

IJ 

C,S,H 


1.9 


3.3 

7.0 

Total 





66.7 

11.3 

45.5 

10.0 

100 

IlEMEROBIIDAE 










U eme robius micans 

0,F,C 

A 

u 

c 

20.5 

17.0 

54.5 

3.3 

69.4 

H eme robius humulinus 

1) 

A 

u 

c,s 


5.7 


1.7 

1 l.l 

l! eme robius marginatus 

D 


XT 

s 

2.6 




2.8 

Sympherobius elegans 



r 

c 

2.6 




2.8 

Drcpancpleryx 

phalacnoides 

Q,F 

A 

u 

c 


9.4 



13.9 

lotal 





25.7 

32.1 

54.5 

5.0 

100 


Abbr.: Co: coniferous trees, D: dcciduous trees. Ab: Abies alba, C: Carpinus betulus, F: Faf^iis 
silvatica, P; Picea abies, Q: Quercus spp.; A: abundant, U: ubiqiiist, T: thcrmophilous, X; 
xcrophiloiis, XT: xcro-thcrmophiloiis, C: trcc-crown laycr, S: shrub-laycr, II: hcrbaccous-laycr 
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Tiible 4. Distribution (%) ofneuroplcroid families as prcy amongdifferent foraging groups of birds 


Foraging mode 


Neuropteroid family 


Chrysopidae 

Hemerobiidae 

Raphidiidae 

Foliage gleaners 

59.1 

20 

3.6 

Bark foragers 

15.9 

50 

35.7 

Groimd foragers 

I 1.4 

16 

0 

Cicncralists 

13.6 

14 

60.7 

Tolal 

100 

100 

100 


family Raphidiidae was represented in coiisiderable proportions (61 and 80%) in 
the food of generalist birds. However, as we earlier referred to the change in hiint- 
ing mode of F. alhicollis during its breeding season, this high rate of snake flies 
among the neuropteroid foods is probably a conseqiience of its prey collecting ac- 
tivity on bark siirfaces. The remaining propoilion of snake flies (36 and 48%) was 
foLind in food of bark foragers. 

Seasonal distribution of neuropteroid insects in food ofnestlings 

The seasonal distribution patterns of the three neuropteroid families in diets 
of nestlings are similar toeach other (Fig. I). Birds collected most larvae and imag¬ 
ines in the main breeding period, from mid-May to the first decade of June. A 
smaller proportion of lacewings were stili among prey-items in the second half 
July, snake flies even in the late June - early July period. Among chrysopids the 
high frequency of larvae of N. pallida in food items is reasonable, since this species 
overwinters in its larval stage. At the same time the hemerobiid, D. phalaenoides 
was also found by birds in early season because it overwinters as an imago. There 
is no significant difference bctween the seasonal distributions of neuropteroid fam¬ 
ilies (Fig. 1), which indicates that they were depended mainly on food collecting 
frequency of birds, contrary to Flungarian study (wSZENTKIRALYI & TOROK 1983), 


Tiihle 5. Proportion (%) of abundancc of ihc neuropteroid families in the nestling foods of bird 

groups with the same foraging mode 


Neuropteroid family 


Foraging mode 


Foliage gleaners 

Bark foragers 

Ground foragers 

General ists 

Chrysopidae 

66.7 

11.3 

38.5 

9.4 

1 lemcrobiidae 

25.6 

40.3 

61.5 

10.9 

Raphidiidae 

7.7 

48.4 

0 

79.7 

Total 

100 

100 

100 

100 
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where the 3 Tamilies appcared in bird foods witli adislribulion reHccting Iheir nalii- 
ral seasonality. 


CONCLUSIONS 

(1) In prey coniposilion of nesllings, 4 raphidiid, 7 chrysopid, and 5 hemc- 
robiid species were recorded. The most abundant neuropteroid species in diets 
were Dichrostigma Jlavipes, Nineta pallida and Hemerohius micans. 

(2) The propoilion of different neuropteroid groups varied according to the 
foraging mode of the birds. Within neuropteroid food composition of foliage 
gleaners, the chrysopids were represented by the greatest dominance (68%), while 
hemerobiids had lower proportion (26%). The bark foragers collected the snake- 
Hies and brown laccwings almost in equal portions, 48% and 40%, respectively. In 
the diet composition of ground foragers only a few number of neuropteroids were 
present (chrysopids 43% and hemerobiids 57%). The generalist feeding birds cap- 
tured predominantly raphidiids (79%). 

(3) Investigated birds caught the most individuals from the three neuro¬ 
pteroid fami lies in the period between second ten days of May and first ten days of 
.lune. The seasonal distribution pattern of neuropteroids in foods depended on col- 
lecting frequency of birds. 
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CONTRIBUTION TO KNOWLEDGE OF EEMALE 
INTERNAE GENITALIA OF NEUROPTERA 

Gy. Sziraki 

Department ofZoology, Hun^arian Natural Uistory Museum 
H-IOSS Budapest, Haross utca 13, f/ungary; E-mail: sziraki@zoo.zoo.nhmus.hu 

In continuing carlicr rcscarch on fcmalc intcrnal genitalia (FEIG) ol' Neuroptera, furlhcr cx- 
aminalions wcre carricd oiit on some spccics of Ihc lamilics Coniopterygidae and 
Ascalaphidac. In the conioplcrygid subgcniis Metaconiopteryx KlS, 1968 the correct associa- 
lion of fcnialcs with the corresponding nialcs bccamc possiblc as a resuit of the examination of 
FEIG of ihe type material of Coniopteryx (Metaconiopteryx) arcuata KlS, 1965. A eompari- 
son of male and female internal genitalia in this subgenus suggests that a lock and key mecha- 
nism was involves in the evolution of this group. As regards the family Ascalaphidae, four 
taxa, Ascalaphus sinister Walker, 1853, Buhopsis andromache firyuzae vSziRAKI, 2()()0 
(Ascalaphinae), Idricerus .sogdianus McLacHLAN, 1875 and Protidricerus elwesi (McLaCH- 
LAN, 1875) (l laplogleniinae) were investigated. In FEIG of these species no distinctive fca- 
tiircs wcre found for separation of the two ascalaphid subfamilies. 

Key vvords: Ascalaphidac, Coniopterygidae, fcmalc intcrnal genitalia, lock and key mccha- 
nism, male genitalia, Metaconiopteryx 


INTRODUCTION 

In coiirsc of the initial investigation of female internal genitalia (FEIG) of 
coniopterygid species occurring in Himgary (SziRAKI 19926*) the four Coniopteryx 
(Metaconiopteryx) KlS, 1968 species, among others, were studied and described. 
Recently I had the opportiinity to examine the type material of Coniopteryx (M.) 
arcuata, and an alteration siibsequently became necessary in two of the four spe¬ 
cies. 

Female internal genitalia have been poorly investigated in ascalaphids as 
well as in most other groups of Neuroptera, although detailed studies of this organ 
System wouid be usefui for more accurate determination of these inseets. The aim 
of present research was to investigate the question, if there are any differences in 
the structure of FEIG of the two traditionally recognized subfamilies (Ascala¬ 
phinae and Haplogleniinae) of the family Ascalaphidae. 
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MATERIALS AND METHODS 

All the invcstigatcd materiai is dcposilcd in the collcction of the Hungarian Natural History 
Museum. The method used for studying the ectodermal paris of FEIG was the same as it was detailed 
in earlier papers SziRAKi 1992«). As regards the male genitalia, I follow the terminology used by 
Meinander (1972), while terminology of femalc intcrnal genitalia is as in Sziraki (1998,2000). 


RESULTS 

CONIOPTERYGIDAE 

In our earlier work on the FEIG of the four Metaconiopteryx species, investi- 
gation of Coniopteryx (Metaconiopteryx) eshenpeterseni Tjeder, 1930 was the 
first step. In this case association of females with the corresponding males was 
done on the basis of a pair of insects having been collected in copula (SZIRAKI 
1992«: Figs 29-32, 1992c: Fig. 14), and for this reason it seemed to have a high 
probability. 

After this, the females which had the most similar, but differing internal gen¬ 
italia compared with “C. (M.) eshenpeterseni \ were regarded as representatives of 
C. (M.) arcuata (Sz\RkK\ 1992«: Figs 26-28, 1992c: Fig. 17.), as the male internal 
genitalia of the above mentioned two species are the most similar to each others 
within the subgenus Metaconiopteryx (Figs 5-6). 

On the other hand, it is worthmentioning that these females were usually col¬ 
lected with either males of C. (M.) eshenpeterseni or with males of C. (M.) arcuata 
KlS, 1965), or together with both of them. 

After the examination of the type materiai of C. (M.) arcuata it turned out 
that the FEIG regarded earlier as this organ of C. (M.) eshenpeterseni (SzirAki 
1992c: Fig. 14) really belong to C. (M.) arcuata (Fig. 1). Hence it follows that (1) 
FEIG thought earlier to be this organ of C. (M.) arcuata (SZIRAKI 1 992c: Fig. 16) 
actually belongs to its nearest related species, C. (M.) eshenpeterseni (Fig. 2), and 
(2) the earlier association of a female C. (M.) arcuata with a male of C. (M.) 
eshenpeterseni was the resuit of an interspecific copulation. 

As regards the two other Metaconiopteryx species, populations of Conio¬ 
pteryx (M.) lentiae H. ASPOCK et U. ASPOCK, 1964 or Coniopteryx (M.) tjederi 
Kimmins, 1934 are distinguishable from populations of C. (M.) arcuata owing to 
some eidonomical features (SZIRAKI 1992/?), while C. (M.) tjederi is close to C. 
(M.) lentiae, but their coexisience is rare. The association of females with the cor¬ 
responding males, and description of their FEIG was consequently correct in the 
case of the latter two species in 1992. 


Acta zool. hunf*. 4<S (Suppi. 2), 2()()2 



CONTRIBUTION TO KNOWLFJXJFi OF FEMALR INTERNAL GENITALIA OF NEUROPTERA 343 



Fij»s 1—4. Bursa copulatrix and receptaculum Coniopteryx (Metaconiopteryx) species: 1 = 

Coniopteryx (M.) arcuata, 2 = C. (M.) eshenpelerseni, 3 = C. (M.) lentiae, 4 = C (M.) tjederi, bc = 
bursa copulatrix, ds = ductus seminalis, rs = receptaculum seminis. Scale in Figs 1-3: 0.03 mm, in 

Fig. 4: 0.06 mm 





Figs 5-8. Male genitalia of Coniopteryx (Metaconiopteryx) species: 5 = C. (M.) arcuata, 6 = C. (M.) 
eshenpeterseni, 1 = C. (M.) Icntiac, 8 = C. (M.) tjederi, p = penis, pa = paramere, s = stylus. Scale in 
F'igs 5-7: 0.03 mm, in tug. 8: 0.06 mm. (after ASPCk:K et al. 1980) 
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As a resuit of the coiTection discussed above, a distinet correspondence in the 
structure of male and female internal genitalia of the same Metaconiopteryx spe¬ 
cies appeared. The relatively short and broad male internal genitalia of C. (M.) 
arcuata belong to a relatively shoit and wide bursa copulatrix + receptaculum 
seminis, and the narrower and longer the male internal genitalia, FEIG also the nar- 
rower and longer in the three other species (Figs 1-8). This pattem of the stmeture 
of internal genitalia of both sexes suggests that a lock and key mechanism was in- 
volved in the evolution of this coniopterygid group. 


Ascalaphidae 

Ascalaphi nae 

Ascalaphus sinister Walker, 1853 
(Figs 9-10) 

MateriaI examined: Laos, Prov. Champarsak, Dong Hua Xao, 2 km S of Nong Luong, \ -5. 04. 
1998, leg. G. CsoRBA and O. Merkl - 1 female specimen. 

Vagina short and wide. Bursa copulatrix and receptaculum seminis are only slightly separated. 
In dorsal view the bursa copulatrix somewhat clongated, with a widcncd caudal part. Its wall is wrin- 
kled and moderately sclerotizcd. 

The free part of ductus seminalis is rather wide, relatively short, entirely covered by glandular 
sctae and originates from the posterior part of the receptaculum seminis, where its wall is strongly 
sclerotizcd because of a sphincter. It is probablc, that the “original basal part” of ductus seminalis, 
which may bc found in some other ascalaphids, in this case melt into the spcrmathcca entirely. The 
ectodermal part of the oviduct is distinctly sclerotizcd with internal setac. 

The postbursal accessory gland has a round reservoir with a short and wide duct, and with a 
pair of extremcly long, distally narrowing tubes. 


Bubopsis andromache firymae SZIRAKI, 2000 
(Fig. II) 

MateriaI examined: Turkmcnia, Kopet Dagh Mts, Firyuza, 400 - 600 m. a.s.l., 25.06.1992, leg. 
Gy. Fabian, B. Herczig, a. Podlussany, Z. Varga - 1 female specimen (paratype). 

Vagina relatively long, liat, but rather wide. The bursa copulatrix narrow in latcral view, with 
strongly sclerotizcd walls. Receptaculum seminis large and pyriforrn. 

Ductus seminalis broader after the median loop than before, sharply turning before the end, 
moderately wide and long. Its free, loopcd part covered by glandular sctae, while its basal part origi¬ 
nates from a knob of the receptaculum seminis, runs backwards, and conncctcd to the ventral surfacc 
of spcrmathcca, and partly of bursa copulatrix. Ectodermal part of the oviduct distinctly sclerotizcd. 

Postbursal accessory gland has a reservoir with a short and wide duct and a pair of long tubes. 
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9-10. Fcmalc inlcrnal genitalia Ascalaphus sinister: 9 = latera) view, 10 = clorsal view, ag = 
postbursal aecessory glancl, be = bursa copulatrix, cis = ductus seminalis, mo = median oviduct, rs = 

receptaculum seminis, v = vagina 



Fig. 11 . Female internal genitalia o\' liuhopsis andromache Jiryiizae, lateral view. .Scale: 0.08 mm. 

(after SziRAKI 2000) 
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Haplogleniinae 

Protidricerus elwesi (McLACHLAN, 1891) 

(Figs 12-13) 

Materiai examincd: Pakistan, Islamabad, 26-27. 06. 1992, leg. G. Csorba and M. Hreblay - 
I fcmalc specimen. 

Vagina very broad. Bursa copulatrix strongly sclcrotizcd and wrinkled, about as long as widc 
in dorsal view. Reccptaculuin seminis elongated, with thin walls. 

Ductus seminalis rather long, and only partly covercd by glandular sctae only. Its basal part 
begins at a knob on the tip ofthe receptaculum seminis with a sphincter and runs backwards. The split 
sclcrotization (SziRAKl 1998) ofthe terminal loop of this organ is very strong. The cctodermal part of 
Ihc oviduct distinctly sclerotized, with moderately long intcrnal sctae. 

The reservoir of the poslbursal accessory gland elongated with a wrinkled dorsal surfacc. 
Basal part of the two tubes very wide with some irrcgular annulations. 


Idriceriis sogdianus McLaCHLAN, 1875 
(Figs 14-15) 

Materiai examincd: Kazachstan, vallcy of Issy, 21.08. 1997, leg. A. Orosz- 1 female speci¬ 
men; Kazachstan, Alma-Ata, 21.07. 1958, leg. N. Scopin - 1 female specimen; Jammu and Kashmir 
under administration of Pakistan, Sost, 16. 06. 1992, leg. G. Csorba and M. Hreblay - 2 fcmalc 
speci mens. 




Figs 12-13. Female intcrnal genitalia of Protidricerus elwesi: 12 = latcral view, 13 = dorsal view. 

Scale: 0.08 mm 
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Fij»s 14-15. F"cmalc intcrnal genitalia ol7^/mrn/.v so^diemus'. 14 = the wholc intcrnal genitalia in lat- 
eral view, 15 = bend of ductus seminalis with sphincter, ventral view. Scale in Fig. 0.08 mni, in Fig 

15: 0.04 mm 


Vagina moderately broad and strongly sclerotized. Bursa copulatrix somewhat elongated. Its 
Wall moderately sclerotized only, with internal setae. Receptaculum seminis weakly sclerotized and 
moderately large. 

The basal part of ductus seminalis with very thin walls, attached to the spermatheca and runs 
backwards. Later this duct turns forwards. In this bend there is a sphincter, and from this point the 
sclerotization is strong. Cilandular setae are situated on the terminal loop. Ectodermal part ofthe ovi- 
duct weakly sclerotized with internal setae. 

Reservoirof the postbursal accessory gland globular, while its duct somewhat elongated and 
curved. 'Fhe basal part of the two tubes is very broad and tapering gradually. 


CONCLUSIONS 

In the case of Ihe coniopterygid subgenus Metaamiopteryx KlS, 1968 the 
correct association of females with the corresponding males was possible as a re¬ 
suit of the examinatiori of female internal genitalia of the type material of 
Coniopteryx(Metaconiopteryx) arcuata KlS, 1965. Moreover, acomparison ofthe 
male and female internal genitalia in this subgenus suggests that a lock and key 
mechanism was involved in the evolution of this group of Neuroptera. 

According to the results of rnorphological studies on Ascalaphidae, FEIG of 
the examined species are r ather simi lar to each other s. However*, two basic types 
may be recognized. 
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In the first case (Type I) the well sclerotized basal pait of the ductus seminalis 
originated from a knob on the anterior pait of receptaculum seminis, with or with- 
OLit distinctly sclerotized parts of a sphincter (surely with a pumping function). 
From here the duct runs backwards, and more or less is connected to receptaculum 
seminis. Near to the connection of spermatheca and bursa copulatrix it turns for- 
wards and after some loops reaches the median oviduct (Figs 11-13). 

In the second case (Type II) the basal section of ductus seminalis merged into 
the receptaculum seminis, or at least is connected tightly to this organ, and thin 
walls are present in this position. Near to the connection of the spermatheca and 
bursa copulatrix it becomes free, contains a sphincter, turns forwaids with strongly 
chitinized walls, and after a few loops reaches the median oviduct (Figs 9-10, 
14-15 and SziRAKl 1996: Fig. 26). 

The main difference between the two types is that in FEIG ‘Type II” the 
structure supporting a pumping function situated in the bend of the ductus semi¬ 
nalis near to the connection of bursa copulatrix and spermatheca, while in ‘Type I” 
it is proximal to this pait. 

From a phylogenetical point of view, the FEIG “Type I” seems to be the 
plesiomoiphic character state, as this is very similar to female internal genitalia of 
Palpares lihelliiloides (LiNNAEUS, 1764) (SZIRAKI 1996: Eig. 25) and of Acan- 
thaclisis occitanica (VlLLERS, 1789) (unpublished). The latter species is an ancient 
representative of the family Myrmeleontidae (Krivokhatsky 1998), the nearest 
relative of Ascalaphidae. 

On the other hand, the examined species with one of these two types of FEIG 
are not the same as those which belong to one or to other subfamily of Ascala¬ 
phidae. Biihopsis anclromache firyiizae (Ascalaphinae) and Protidricerus elwesi 
(Haplogleniinae) have FEIG “Type I”, v^hWQ Ascalaphus (Ascalaphinae), 

Idricenis sogdianus (Haplogleniinae) and Lihelloides sibiricus (Ascalaphinae) 
(SzirAki 1996) have “Type II”. Consequently, FEIG of the hitherto investigated 
species do not offer further distinctive features for the separation of the subfamilies 
Ascalaphinae and Haplogleniinae, and the apomoiphic character state in FEIG 
“Type II” developed independently in the two subfamilies - supposing that they 
really are monophyletic groups. 
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SELECTIVE ATTRACTIVITY OE ARTIFICIAL 
OVERWINTERING CHAMBERS EOR THE COMMON GREEN 
LACEWING SPECIES OE THE CHRYSOPERLA CARNEA 
(STEPHENS) COMPLEX IN WESTERN EUROPE 
(NELIROPTERA: CHRYSOPIDAE) 

Thief^ry, D., Rat-Morris, E. and C. Caldumbide 

Institui Ndtiofuil d'llorticulturc, 2 ruc Lc Notre, 49045 Ani^crs Ccdex, Frdiicc 
E-nuiil: doniinicpie. thierry@ wdUddoo.Jr 

The aim oflhis work is lotcsl allractivily ofdilTcrcnl lypcsofsubstrats in ovcrwintcring cham- 
bers lor Ihc conimon grccii laccwing spccics. Experiments were carricd oul in France near of 
Angers (4S"28’N, ()()”33'E) during winler 1999-2000. Sheets and rolls of eorriigaled eard- 
board, and slaw were used as siibstrals. 

Chambers were eolonized by a large numbers ol' CfirysopcrUi koltliojfi (Navas). The niiniber 
of laeewings was iwo limes grealer in slraw than in eorriigaled eardboard. The suilabilily of 
slaw was eonfirmed. 

Only 5 Chrysopcrld cdnicd s. s. (Stepfiens) were eolleeled, This speeies seemed lo over- 
winler in more venlilaled eavilies Ihan oiir eonfined boxes. Only one Chrysopcrld. liicdsiud 
(Lacroix) was found. 

Our deviee ean already be used lo improve Ihe niimbcr ofoverwinlering Ch. kolthoffi near Ihe 
erops. In order lo devclop ovcrwinlcring ehambers as a proper lool for sluding overwinlering 
giiild slruclLires fiirlher experimenls are needed wilh Ch.cdrncd, Ch. lucdsimi or olher speeies. 

Key words: laeewing, Chrysopcrld kolthoffi, biologieal eonlrol, overwinlering ehamber 


INTRODUCTION 

The common green laeewing Chrysoperla carnea (Stepiiens) sensu lato is 
generally consiclered a major component of beneficial entomofaiina in agroeco- 
systems. Larva instars are oophagoiis or/and aphidophagoiis and can feed on nu- 
merous other arthropods. 

As generalist predators they are mass reared and sold for releases in glass- 
hoiise or in field erops (PAULIAN 1999, Maisonneuve & Marrec 1999, Ra l 
Morris 1999). 

IPM programmes develop strategies to improve the settlement of released 
species and to protect spontaneoiis beneficial populations. Elying movement of 
adiilt laeewings which coiild be compiilsory and sometimes on a wide area may be 
an impediment for iising those insects in IPM programmes. 

In natiiral conditions, the developmental pattern of those insects is a faculta¬ 
ti ve multivoltinism (Canard 1998, Canard & VOLKOVICII 2001). There is at 
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least two generations a year in Western Europe (Zeleny 1965). Short late-summer 
days induce ovarian diapause of adults which is completed at mid-winter whithoiit 
any particular stimulus. In autumn, alter an intensive feeding period allowing the 
constitLition ol' lipidic reserves (Lemesle et ai 1998), diapausing adults start seek- 
ing for suitable overwintering sites (Gepp 1967) 

Adults Show a thermic quiescence resulting of low temperature during win- 
ter, the insects resume reproductive activity only in spring and simultaneously 
leave their wintering shelters. A few days later, females begin to lay eggs and olT- 
spring predaceoLis larvae will colonize all the outwood strata of vegetation. 

To avoid excessive mortality and to further establish lacewings near the field, 
SengonC/X and Frings (1989) developed in Germany hibernating chambers 
packed with straw. The authors showed the efficiency of such a device to be colo- 
nized by a large number of lacewings and gave some advice: - (i) wooden (ply- 
wood) chambers are preferred to plastic ones - (ii) the orientation and the opening 
of the chamber must minimize inside air movements - (iii) green or red external 
color inducing fast warming up is more suitable than darker colours. McEwen 
(1998) showed that. (i) internal surface of the box is a key factor for the number of 
lacewing colonizing it (ii) and that caryophylene as possible attractant had no ef- 
1'ect (McEwen et ai 1999). No work carried out in the field has given data con- 
cerning Chrysoperla lucasi/ia (LacROIX) and Chrysoperla kolthqffi (Navas) 
which are the two widely distributed species in Western Europe (Thierry et ai 
1996). Morever both of these two species are reared and distributed by factories for 
releasing in IPM and organic farming (Maisonneuve, pers. com.). Nevertheless 
in nature the study of temporal changes in overwintering sites revealed marked dif- 
ferences between the species habits (THIERRY et ai 1994). In underwood biotopes, 
Ch. carnea s. s. has been found in dry leaves staying in the vegetation from about 
20 cm to 3 m up or coexisting with Cli. lucasina in ivy tufts invading bushes, 
whereas Ch. kolthqffi is overwintering in unheated and dark parts of buildings. 

The aim of this work is to test attractivity of different types of substrats in 
wintering chambers for the common green lacewing species. 


MATERIALS AND METHODS 

Construction of lacewing chambers took inspirat ion from the design outlined by 
Sengonca and Frings (1987) (Fig. 1). It consists of a wooden box (50 cm x 30 cm x 30 cm 
(1)): untreatcd pine wood was used to avoid altcration of insect bchaviour diie to Chemical pro- 
tcction. The box was closed by a fiber-board front side (2) which was drillcd randomly by thirty 
live 15 mm diameter holes. This front side was designed to be easily removed to check the con- 
tent of the chamber. Each chamber was divided vertically in three compartments (Fig. 2) the 
lower pari leaving free as a crawl space (a). Parlitioning was done with 20 mm wire netting (b) 
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Fij». I. General view ofthe overwintering chamber. (1) wooden box, (2) fiber-board front side, (3) 

plaslie piale roof and (4) wooden pool 


to allows easy inseet niovement from one compartment to an other. A green plastic piate was 
slapled as a roof (3) on top and lateral sides of the box with an eave to protect the front side 
from rain and wind. Each chamber was bolted to four wooden poles (4) 170 cm above ground 
level facing away from the dominant wind directiori (western wind in our conditions) as pro- 
posed by McEwen (1998). Corrugated cardboard was used as a substrate for the lateral compart- 
ments : in one compartment sheets were piled iip (c), a compact roll was inserted vertically in 
another compartment, while the middle compartment was tightly filled with slraw. 



Fig. 2. Inside part of the overwintering chamber. (a) crawl space; (b) 20 mm wire netting; (c) sheets of 
corrugated cardboard, (d) roll of corrugated cardboard and (c) straw 
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Expcriments werc carried out in France in tour stations whithin a 5()-kilometcr area in the 
Loirc valley arouncl Angcrs (48”28’N, 0()°33’E) (Fig. 3). Two stations were located in sub-urban ar¬ 
eas (1 and 2) and two others far away from the town in a farming zone: one in the south (3) and the last 
in the north (4). During the first week of November 1999 four chambers were placed in each station. 
As far as the station environment made it possible, the chambers were placed in four situations : (i) in 
a protected or field seed crop area, (ii) near a hedgerow, (iii) underwood, (iiii) near a expected 
overwintering site of Ch. kolthoffi (farmsheld and/or woodshed). 

The boxes were removed during the first week of February. They were placed individually in 
plastic bags and quickely transferred in a cold room (4±1°C) to keep insects in thermic quiescence 
and inhibit their moving inside the chambers. The chambers were then checked in the laboratory and 
the lacewing location recorded as precisely as possible. The lacewings were then identified. 


RESULTS AND DISCUSSIONS 

Except one individual, no lacewing have been foiind in boxes in sub-urban 
areas; conversely 18 and 99 lacewings were found respectively in stations 3 and 4. 
Different hypothesis could be proposed to explain those results: - (i) guild density 
is lower in sub-urban areas which are more drastically peiturbated by huinan activ- 
ity than in farming areas and particularly in station 4 where IPM programmes have 



Fig. 3. Situation of the four experimental stations 
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Table 1. Nuinbcr of individuals of Chrysoperla kolthoffi collcclcd in thc chambcrs localcd in sla- 


tions 3 and 4 

l.ocation in Ihc station 

cultivatcd field 

hcdgcrow 

iindcrwood 

farmshcd / woodshed 

Station 3 

8 

2 

0 

8 

Station 4 

19 

30 

17 

27 

Total 

27 

32 

17 

35 


been peifomed for Ihree years (Galbz et al. 1998) - (ii) numerous unheated parts 
of building offer alternative overwintering sites more suitable than our chambers - 
(iii) the outline of buildings could distiirb the lacewing in their orientation towards 
the chambers (McEwen 1998). 

Chrysoperla kolthoffi was the main species collected (111 individuals). Even 
if the chamber construction and the substrates were more suitable for Ch. kolthoffi 
than for others species, we note the similarity between these results and our present 
knowledge of the distribution of this species, which is always dominant in the at- 
lantic pai1 of Europe (Tmierry et al. 1996). As repoited by Thierry (1991) con- 
cerning overwintering sites (unheated parts of building), females are slightly more 
numerous (55%). 

The number of Ch. kolthoffi was quite equal in stacked sheet and rolled corru- 
gated cardboard, but two times greater in straw. The suitability of this last substrate 
is confirmed. May be, as dry foliage used by Sengonca and Frings (1989), card¬ 
board did not provide enough space for adult Ch. kolthoffi to hide. 

Most of the lacewings were found hidden inside straw or between the card¬ 
board lying and not in the periphery. This observation is not consistent with 
Sengonca and Frings (1989) who recorded 94% of lacewings aggregated in area 
at least 4 cm distant of the louvered front of chambers. 

A total of 5 Chrysoperla carnea s. s. were collected, 4 were found ouside the 
boxes, between the green plastic piate and the upper side, only one was found in 
straw. Ch. carnea s. s. seemed to overwinter more in ventilated cavities than the 
confined, and always rather hiimid, atmosphere of our boxes. This preferendum 
could be related with our knowledge of the overwintering sites of this species in the 
field. 


Tiible 2. Location of Chrysoperla kolthoffi within ihc chambers 


l>ocation within thc chamber 

straw 

shects of card¬ 
board 

rolled card¬ 
board 

periphery of sub¬ 
stratum 

Station 3 

9 

8 


l 

Station 4 

47 

22 

19 

5 

Total 

56 

30 

19 

6 
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Only one Ch. liicasina was found in the chamber located in station 4 in straw 
substrate. This species is rare in Loire Valley although in station 4, it was been 
mass introduced during three years of IPM programmes. Obviously, this species is 
not attracted by our device. As for Ch carnea s. s., the chamber construction that 
we tested seemed to be unsuitable. 

Our device can aiready be used to improve the number of overwintering Ch. 
kolthqffi near the crops. In order to develop overwintering chambers as a proper 
tool for studing overwintering guild structures further experiments are needed with 
Ch.carnea, Ch. or other species. 


* 
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PRELIMINARY SURVEY OF THE LACEWINGS 
(NEUROPTERA: CHRYSOPIDAE, HEMEROBIIDAE) IN 
AGROECOSYTEMS IN NORTHERN FRANGE, WITH 
PHENOLOGICAL NOTES 
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A survey oflaccwings was iindcrtakcn in an agriciillural zonc ornorthern Francc. Adults wcre 
investigated in four cullurcs: strawbcrry, polalo, witloof and kidncy bcan, and in applc or- 
chards. A fixed suction trap gave an ovcrvicw ot' Ihc laccwing asscinblagc prcscnl. Ycllow 
irap togclhcr with portablc siiclion-dcvicc collcctions showcd Ihe hcincrobiids and chrysopids 
currcntly harboured. Slalkcd cggs, larvae and cocoons of chrysopids wcre samplcd in straw¬ 
bcrry, polalo, cabbage and carrot, and in applc-trcc orchards. Rcaring in the laboralory ofall 
prcimaginal inslars oflhc green laccwings collcctcd borc wilncss to the aclual cslablishmcnl 
of any spccics in Ihc ficld. 

Seven green laccwings spccics wcre idcnlibcd, biil the laccwing diversity is low. In all cases, 
the curytopic gcncralist prcdalor Clirysoperla kolthoffi was Ihc dominant species. Adults llicd 
froni May (wintcring gcncration) lo aulumn, showing a pcak in Jiily. The occurrcncc of prc¬ 
imaginal inslars suggests Ihrcc gcncralions. Four brown laccwing spccics wcre rccordcd, 
aniong them Micromus variegatus was ihc most abundant. Thcy llcw mainly in July and August. 

Kcy words: chrysopid, Clirysoperla kolthoffi, hemerobiid, pest prcdalor, biological conlrol, 
agroccosystem 


INTRODUCTION 

Need of food ofhigh qiiality for the west Eiiropean market is increasing sig- 
nificanlly so that Inlegrated Pest Management (IPM) or organic farming now be- 
comes a concern for agronomists in charge of farmers’ advice. Crops must be har- 
vested free of Chemicals and their protection against phytophagoiis pests must be 
managed more and more by alternative methods. In this way, naturally occurring 
generalist predators may play a key roie. Among them, the green and brown lace- 
wings Show many favoiirable traits siich as widespread prey range and high vorac- 
ity (see review in McEwen et ai 2001). 
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The aim of the present report is to featiire which lacewings occiir in agricul- 
tiiral zones grown over with various low crops and orchards, which species are re- 
ally established and when they are active. 


MATHRIALS AND METHODS 

This stiiciy was carried out in norlhcrn France, “Rcgion Nord, Pas-dc-Calais”, in thc Southern 
pari oT the Flanders plain. It is an agricultural /onc ofstrong tradition of vcgetablc and fruit produc- 
lion. The target fields arc of commercial type. Thcy are ali managed with soft cultural techniques: ci- 
ther in supervised managemenl (lutte raisonnee), in integrated pest management (luite integree) or in 
striet organic farming (agriculliire biologitiiie). Several crops and Iheir nearby uncullivated biotopes 
were sampled (Table 2). Strawberry, potato, witloof, tobacco and kidney-bean were chosen for anal- 
ysis of adult occiirrence ofbolh grecn and brown lacewings. They are regulaiiy sampled during the 
growing season 1999, from May to October. The neighbourings ofthe experimental arcas arc consli- 
tulcd ol other similar crops in which Chemicals were used according to thc iisual advise programmes. 

Adult lacewings were collccted by several methods (Table I). Besides, a fixed Taylor suction 
device operated approximalely in thc cenlrc of thc experimental zonc. It gave an ovcrvicw ofthe ae- 
rial neuropteran guild occurring in thc dislrict. It collccted pcrmancnlly at 12.2 m high. To cslimale 
thc aclual neuropteran fauna possibly associalcd with plani slands, rcstricted samplcs were takcn in 
cach crop. Two Standard yellow traps were sct out in cach plol, at 0.9 m high and 10 m intervals; spec- 
imens caplurcd were takcn out twicc a wcck. A mobile individual vacuum device was used by day, 
during a time unit ranging from 30 sccondcs to five minutes. In addition, spccimcns were swcpt by 
hand net; other individuals were offered a fecding McPhail irap baitcd with 5% diammonium phos- 
phate or they entered casually an INRA nocluid conlrol pheromonc trap working in the experimental 
arca. All collccted adults were storcd in vials containing alcohol 70% + glyccrol 5% and kcpt in the 
“Station d’Eludes sur les Lullcs Biologique, Integree et Raisonnee, Service Rcgional de la Proteclion 
des Vegetaux (FREDEC)”, Loos-en-Gohellc, France. 

As hemerobiid cggs arc difficult to scc on plants, only thc stalked cggs of chrysopids were in- 
vesligated in four low culturcs: strawberry, potato, cabbage and carrot, and in applc orchards. The 
prcimaginal instars of only grecn lacewings were also collccted. Some eggs were rcgularly picked up, 
and some larvae and cocoons were collccted. All were brought to thc inscctarium for further dcvelop- 
ment allowing identification of adults. 

Rcaring cabinets were conditioned as following; thc temperature was 20+1 °C, relative humid- 
ity was 70+10%, thc photoperiod used providcd 16 hours of lighl per day to inhibil the possiblc in- 
duction of diapaiise. The larvae were kcpt in individual vials to avoid cannibalism. They were fcd 
with sterilized cggs of Ephestia kiiehniella (Zeller) given every day ad libitum. 

To state thc brood phenology, thc larvae collccted arc rcgistcred in Figurc 3 with an earlier 
lime displacement proportional to Iheir cstimated embryogenesis and larval development duration. 

Four indices were calculatcd to quantify thc biodiversity. Taxonomic species abundance [S], 
i.c. tbe number of species collccted, provides a rough evalualion of habitat richness. The diversity is 
akso charactcri/.cd by thc most widcly u.scd index, the Shannon’s diversity index |H’| proposed by 
Shannon and Weaver (1963): 
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Lifi, 


— I 

q\ 


whcrc qi = Ihc numbcr of' individuals in thcilh laxa and Q = ihc lolal niimbcr of individiials. 

We calciilatcd two iiiorc indices mcasuring dominancc which are indcpcndenl on samplc size: 
- ihc Mclnlosh’s diversity index [D(MI)1 (McIntosh 1967); 


Q-cl{Ml) 

ITTc” 

whcrc tl(MI) = jy .it/')' is ihc Mchitosh’s dishincc or Euclcdiiin dislancc. 

The lVlcInlosh’s index is sensilive for Ihc dominanl laxa (Beisel et cil. 1996) and hy Ihc way 
nol subjeci lo aggregalive dislribulion; 

- ihc vSimpsoiTs dominancc index 1>^| (SiMPSON 1949), modibed by Berger and Parker 
(1970): 


C(C^-1) 

The Simpson’s index is slighlly more sensilive for samplcs shovving low dominancc and more 
cITicicnt lo charactcrizc rare laxa dislribulion ihan ihc previous Mcinlosh index. 


RESULTS AND DISCUSSION 
The wandering lacewin^ species 

Ciimiilating ali collecling melhods, six species of green lacewings were re- 
corded as adults in Ihe agricultural experiment area. They were in decreasing order 
of relative abiindance: Chrysoperla kolthofjl (NAVAS, 1927), Chrysopa phyllo- 
chroma Wesmael, 1841, Chrysoperla carnea (Stephens, 1836), Chrysopa peria 
(Linnaeus, 1758), Dichocluysa flavifrons (Brauer, 1850), Cnnctocluysa alholi- 
/UYZ/6f (Kileington, 1935) (Fig. 1). 

AII these chysopids are comnion constiliients of ihe Eiiropean fauna. Chtyso- 
pa phyllochroma and C alholineata also occiir in Asia up to Korea and Mongolia, 
and D. flavifrons has a holomediterranean dislribulion range including Medilerra- 
nean islands and Ihe Maghreb. 

The niimber of specimens appear in Table 1 as a function of sampling lech- 
niqiies and in Table 2 as a function of crops sampled. One can note Ihat the McPhail 
trap did not altract any lacewing, neither chrysopid nor hemerobiid, contrarily to 
other conditions in which it constitutes a satisfying inethod {e.g. NeuenschwaN- 
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Table 1. Numberof individuals ofadult laccwings (grecn/brown in the total column) capturcd in Ihe 
agroccosystems according to different collection techniques. Abbreviations of species are kolt: 
Clirysoperla koltlioffi', pliyl: Chrysopa pliyllocliromcr, carn: Chrysoperla carnea', peri: Chrysopa 
perlcr, JJav: Dicfioclirysa flavifrons', albo: Cunctochrysa albolineata’, vari: Micromiis variegatus', 
angu: Micromiis angulatus', huni: Hemerobius humulinus', lute: Hemerobius lutescens 



kolt 

phyl 

carn 

peri 

11 av 

albo 

vari 

angu 

hum 

lute 

Total 

sLiction trap 

86 

1 

7 

- 

3 

2 

- 

- 

- 

- 

99/0 

vacuum 

41 

21 

- 

4 

- 

- 

58 

24 

3 

1 

66/86 

yellow traps 

85 

33 

2 

- 

- 

- 

- 

- 

- 

- 

120/0 

hand net 

29 

3 

1 

3 

- 

- 

4 

1 

1 

- 

36/6 

McPhail 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0/0 

(other) 

2 

1 

- 

- 

- 

- 

- 

- 

- 

- 

3/0 

Total 

243 

59 

10 

7 

3 

2 

62 

25 

4 

1 

324/92 


DER et al. 1981). Only the first two chrysopid species were of numerical impor- 
tance. The common green lacewing Ch. kolthoffi occurred in each sample. It was 
the absolutely dominant species in each case and in each habitat, constituting 75% 
of the green lacewings and 58% of ali Neuroptera. It showed here once more its 
dominance and its character of eurytopic generalist predator in extramediterranean 

Table 2. Nuinber of individuals adult lacewings (green/brown in the total column) captured in the 




surveyed crops. Abbreviations as 

in Table 1 




kolt 

phyl 

carn peri vari 

angu 

hum 

lute Total 

T rees 







apple tree 

10 


1 1 7 


1 

12/8 

Shrubs 







hop 

1 





1/0 

hedges 

1 





1/0 

Arabie crops 







witloof 

56 

27 




83/0 

potato 

31 

27 

2 4 



60/4 

strawberry 

31 


3 29 

17 

1 

1 34/48 

kidney-bean 

12 

1 

22 

8 

2 

13/32 

tobacco 

6 

1 




7/0 

maize 

5 





5/0 

lettuce 

2 

1 




3/0 

Weeds 

4 


2 



6/0 

Total 

159 

57 

3 6 62 

25 

4 

1 225/92 
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3. Numbcr of indivicliiais ofgrecii laccwings cslablishcd, i.c. issuing from cggs, larvae and 
cocoons, collcclcd in Ihc siirvcycd crops. Abbreviations as in Tablc I 



koll 

carn 

liica 

phyl 

peri 

Total 

Trec: applc tree 

54 

10 



1 

65 

Arabie crops: potato 

14 



23 


37 

slrawbcrry 

131 


7 

3 


141 

cabbage and carrot 

13 



7 


20 

Total 

212 

10 

7 

33 

1 

263 



Hemerobius lutescens 
Hemerobius humulinus 
Micromus angulatus 
M ieramus variegatus 



Fig. 1. TolaI numbcr of individuals of adull chrysopids (C) and hcmcrobiids (11) collcclcd in 
agroccosystems (data derived by cumiilating all collccting methods) 
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Europe (Thierry et ai 1996). On Ihe contrary, Ch. phyllocliroma (18% of the 
chrysopids and 14% of the Neuroptera) only occurred in yellow traps and in the 
vacuum collections, in the low and thick crops like witloof and potato. These cap- 
tures agree with previous 1 iterature data reporting Ch. phyllochrotna associated 
with intensively cultivated vegetation, root and fodder crops, and meadows 
(Stelzl & Devetak 1999). It can be siirprising that a closely related species, 
Chrysopa commata KlS et lJ.n iEI.YI, 1965, has not been found in the chrysopid as- 
semblage, though it has been recorded in France (Leraut 1988) and it is more 
widespread and more common than Ch. phyllocliroma in UK (Plant 1994). How- 
ever, sui*prisingly, a few individuals of Ch. commata were identified among the 
adult lacewings reareded from eggs and larvae collected in the crops (see below). 

The brown lacewings represented only 22% of the total number of Neuro¬ 
ptera collected. They belonged to foiir species, in decreasing order of relative 
abundance: Micromiis variegatus (FabriciUvS, 1793), M. angulatus (Stephens, 
1836), Hemerohius hiimulinus LiNNAEUS, 1758, H. lutescens FABRICIUS, 1793 
(Fig. 1). 

All of them are widespread eurytopic species. Only the two Micromiis spp. 
are abundant, constituting 95% of the brown lacewings ; they are known as regular 
predators in crops, common in northwestern and Central Europe and considered 
associated with Eiiro-Siberian herbaceous vegetation (MONSERRAT & Marin 
1996, SzentkirAlyi 1997). The hemerobiids were collected only by vacuum and 
hand net, they did not enter either the yellow traps, the McPhail traps, or the (too 
high?) SLiction Irap (Table 1). They were abundant on strawberry and kidney-bean 
fields where they superseded even green lacewings, but they were only sporadi- 
cally present on the other crops. 

Phenology of lacewings 

The seasonal distribution of adult lacewing flight in the crops are shown in 
Eig. 2. One can see that some chrysopids and hemerobiids appeared in the begin- 
ning of May, representing the first spring generation (Chtysopa peria, Micromiis 
spp.) and the remaining overwintering adults of Chtysoperla. The actual flight of 
the lacewings occurred mainly in July and lasted up to the middle (chrysopids) or 
the end (hemerobiids) of August. Later the brown lacewings totally disappeared, 
and the common green lacewings remained constantly present in low numbers as a 
consequence of their proper way to overwinter as adults in reproductive diapause. 
Concerning the voltinism of Ch. phyllocliroma, the encountered population 
showed an heterogeneous life-history strategy: Among the eggs collected in June 
and the relative larvae weaving cocoons on mid-July, some individuals entered 
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diapause directly imtii Ihe next spring lo resume their development and to emerge 
as adiilts. They miist constitute a univoltine strain. Others manifest a multivoltine 
capability, giving rise to a summer brood, the adults of which were foiind in the 
field iip to the autiimn. Such a strategy is known in some Palaearctic Chrysopa 
(Principi 1992). 

The estahlished ^reen lacewing species 

A total of 357 Neiiroptera were collected on the plants as preimaginal instars, 
in which there were four hemerobiid larvae. For estimating the actiial consistency 
of chrysopid predatory activity, we tried to rear the specimens of green lacewings, 
namely 187 eggs, 47 larvae and 29 cocoons. The results are reported in Table 3 and 



Fi}». 2. Numbcr of individuals of Ihc collccTcd adiill chrysopids (C) and hcmcrobiids (II) in the sani- 

plcd crops takcn as a funclion oflimc 
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in Figure 3. A total of 263 specimens collected randomly gave rise in the 
insectarium to adults which have been identified as Ch. kolhqffi, Ch. carnea, Ch. 
pliyllocliroma, Ch. commata, Ch. lucasina and Ch. perla. 

Twelve specimens did not develop directly to adults, but required several 
months to resume morphological development after winter (outside) diapause; all 
of them were Ch. phyllochroma emerging in oudoors rearing from the end of Janu- 
ary to the middie of May. 

Eggs and larvae of the common green lacewing are here also strongly domi- 
nant constituting 87% of the total chrysopid sample of established species. Within 
the Chrysoperla caniea-comp\ex, Chrysoperla kolthojfi was the main species. 
Three peaks of occurrence appeared in mid May, at the beginning of June and at 
the end of .luly (Fig. 3) suggesting that three generations may develop. Chryso¬ 
perla carnea sensu stricto developed only on apple trees, in accordance with its 




Kij». 3. Total numbcr of individuals of chrysopid prcimaginal instars rccordcd at actual orestiinatcd 
date of cgg deposition, collected in survcycd crops. K = Chrysoperla kolthoffi, O = other species 
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known ecological (arboreal) habits, whilst Ch. lucasimi was foiind oniy on straw- 
berry as expected with respect to its climatical and ecological (low stratum inhabit- 
ing) habits (Thirrry & Cloupeau, unpiiblished data). The possible occunence of 
Ch. commata as an established species on potato opens a problem because all spec- 
imens of this group-species recorded as adults were identified as Ch. phyllo- 
chroma, despite fluctuating coloration characters of the head markings which are 
known in these allied species (wSzirAki 1994 and in Iit.). We collected specimens 
showing either none or one (or more) of the following characters: post-ocular 
black spots, two or four post-occipital black spots, a light grey shade on the internal 
face of the scapes. However, some Chrysopa adults obtained after rearing in the 
insectarium and so coming from eggs collected on potato are undoubtedly refer- 
able to commata with respect to the gonocristae, but lacking of the typical black 
spot on internal face of the scapes. 

Concerning mortality in the field, egg parasitization was commonly recorded 
in every crop, due to the embryonic parasitoid Telenomiis acrobates Giard. For 
further parasitization, only two specimens of the pupal parasitoids Dichro^aster 
sp. emerged from the cocoons. However, the working method - sampling of eggs 
rather than older instars - is evidently unpropitious for the collection of pupal 
parasitoids which commonly infest either the second and/or third instar larvae or 
the prepupae and/or pupae within the cocoon (Alrouecudi et al. 1984). 

Biodiversity indices 

Neuroptera are valuable indicators for assessing ecological statement of an 
habitat (Stelzl 8i Devetak 1999). The taxonomic abundance of adult chrysopid 
recorded S = 6 was reduced and the related biodiversity was weak as attested by the 
wShannoiTs diversity index H' = 1.14. Many green lacewings, either rare or even 
common, have ecological requirements incompatible with modern farming Sys¬ 
tems. Consequently, (i) the lacewing assemblage appeared to be truncated (Fig. 1), 
(ii) the quantitative distribution of the remaining species seemed to be rather 
well-balanced, as attested by the SimpsoiTs dominance X = 0.61 and the McIntoslTs 
diversity D(MI) = 0.4 indices. In comparison, an agropastoral system situated near 
Millau in Southern France showed a much more diversified chrysopid assemblage. 
These biotopes slightly inlluenced by human activity, harboured 12 chrysopid spe¬ 
cies and gave evidence of a high biodiversity: //=2.76; A=0.17; D(MI) = 0.62 
(Tiiierry et al. 2001). 
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CONCLUSION 

In the investigated crops, the number of lacewing individuals were high 
enough, as to help in controlling arthropod pests such as aphids and caterpillars. 
However, the impoverished species diversity showed that the agricultura! area has 
been peiturbed by some cultural practices and intake of Chemicals, and conse- 
quently, hazardous with respect to the auxiliary fauna. The modern mechanized 
farming often involving removal of hedges together with a long pesticide pressure 
is probably a cause for such a low biodiversity. Restoration of a bocage-type land- 
scape, improved mastership of Chemical pest control, use of biocontrol methods by 
farmers remain priority aims to promote safe agricultural production and to avoid 
aggressive interference with natural environment. 
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RKSOURCES IN SCOTTISH NEUROPTHROLOGY 

A. E. Wmittington 

National Museums ofScotland, Cliamhers Street, Edinhiu ii^h 
EHl UF, Scotland 
F-mail: a.whittin^ton@ nms.ac.uk 

The Ncuroplcra collcctions oflhc National Museums of Scotland are hitherto an uncxplorcd 
rcsourcc. Sonic records based on spccimens exist, scattered through the British litcraturc in 
sniall reports and citations, amalgarnated into mapping cxercises or are part of short papers de- 
scribing new species. It is the purpose ol'this paper to outline the content of the collcctions and 
associated data sources. 

Spccimens, and labeis directly associated with them, are the primary source of data. Mosi 
spccimens are pinned in Iraditional enlomological drawers. A smallcr quanlity of matcrial cx- 
isls in Induslrial Melhylaled Spirils (70% IMS) with a much smallcr quanlity (a few species) in 
70% Elhanol. 

The secondary, bul no Icss important, source of intbrmalion cxisls in a dalabasc callcd the 
Scollish inscet Records Index (SIRI), d his is a paper dalabasc of the citations for published 
Scotlish Inscet records-a kcy link to the British lilcrature. The Ncuroplcra Records from this 
index are now being clcctronically dalabascd. 

ITom these data sources, wc can cslablish how many spccimens exist in which species and 
from what locations. Thus, informed answcrs to environmenlal and conservalion questions 
can be supplicd, and wc can delcrminc where furlher rescarch is required. 

Kcywords: Megaloplera, Ncuroplcra, Raphidioptera 


INTRODUCTION 

The natural history collcctions of the National Museums of wScotland have 
their origins as early as 1812, clue largely to the effoits of Professor Rober i' 
jAMb:sON (vStepiien 1954, SWINNEY & vSlIAW 1998). Atthis time the Natural His¬ 
tory spccimens formed a museum collection belonging to the University of Edin- 
burgh, but was combined (in 1855) with the cultural and technological displays of 
the then recently formed Industrial Museum ofScotland (Allan 1954, SwiNNEY 
&SIIAW 1998). In 1864 the combined body of collcctions took on the name “Edin- 
burgh Museum of Science and Ait” and in the jubilee year (1904) the name was 
again changed to the “Royal Scottish Muscum” (Allan 1954). As a consec]uence 
of a change in policy (formation of a Board of Trustees in 1985 - SWINNEY & 
SllAW 1998), together with the recent opening of the “Museum of wScc^tland” (pre- 
dominantly a museum of Scottish artefacts), on an adjacent site, the name was 
again changed to the “Royal Mu.seum” under the umbrella organisation of the “Na¬ 
tional Museums ofScotland”. 
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The Neuropterida collections are thus part of a much broader accumulation 
of speciiTiens and artefacts, Ihat included insect material froin Ihese eaiiiest of 
times. In 1819 the renowned Dufresne Collection was purchased froin Paris con- 
taining (ainong other natural history specimens) 12 000 insects (Stephen 1954) 
and it is to this collection that the earliest neuropterid specimen can be traced. 

The insect collections have since grown, to now include approximately a mil- 
lion specimens, of which aboiit 10 000 are Neuropterida, pinned and housed in 166 
wooden drawers. There are also numerous store-boxes - some of which are wooden, 
the remainder are firm cardboard - containing material stili in the process of being 
sorted. 

The Neuropterida collection contains 19 families, 184 genera and 502 spe¬ 
cies, from a geographical range of 64 countries. The majority of specimens have 
been determined and sorted by five individuals: P. H. Grimsuaw, K. J. Morton, 
A. R. Waterston, C. W. Plant and A. E. WHITTINGTON. Many specimens lack 
det. labeis, but are placed under particular names in the collection (presumably by 
Grimshaw and Waterson). During his term of office as Curator (1893-1930) 
and later Keeper (1930-1935), the insect collections were invigorated and rejuve- 
nated by Percy H. Grimsiiaw (1869-1939), who was fundamentally adipterist. 
The Neuropterida collections (plus Odonata, Plecoptera and Trichoptera), grew 
dramatically with the presentation of K. J. MORTON’s collection in 1940. With re- 
ceipt of this bequest, Rodger Waterson took on the considerable task of re-curating 
and organising the collection, incorporating material previously included in the 
general Entomology collection. He began by re-organising the Odonata and had 
started on the Neuroptera, but not finished before his retirement. Through his prior 
contacts with personnel in the Anti-Locust operations in the Middle East, these 
collections were to grow once more. He actively encouraged Ken Guichard 
(among others) to donate large quantities of material to the collections. Most of the 
strengths of the collection are based on the material contributed by MORTON and 
Guichard. 

Recent loan records indicate that, hitherto, this is a largely underused re- 
soLirce. Documentation, cataloguing and curation of the collection has highlighted 
the fact that outside of these activities, the collection has received little interna- 
tional attention. And yet it is a collection drawn from a wide geographical context, 
covering taxa of extensive research interest. It is the purpose of this paper to out- 
line what is available in the collections and associated data sources in the hope that 
this will encoLirage their use. 

The primary source of data is the specimens and the labeis directly associated 
with them. The vast majority of specimens are pinned in traditional entomological 
drawers. Presently the British material is pinned in 29 drawers separate from the 
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materiai from other parts of the World and this materiai is predominantly Scottish 
in origin. A smaller quantity of materiai exists in Industrial Methylated wSpirits 
(70% IMS) with a much smaller quantity (a few species) in 70% Ethanol. Some 
dissected materiai exists on microscope slides, biit this has yet to be assessed and 
catalogued. Label data from this primary soiirce is being acciimulated in a data- 
base. 

At the family level, the collections show a healthy total of 19 out of 22 possi- 
ble families (OSWALD & Penny 1991), only the families Ithonidae, Rapismatidae 
and Rhachiberothidae are not represented. 

At the generic and species leveis, representation in the collections is poorer. 
There are 191 out of approximately 1000 genera and 547 out of more than 4000 
species (OSWALD & Prnny 1991), with large numbers of woiid taxa not repre¬ 
sented and there are obvious geographical strengths and limitations. The taxa cur- 
rently present are listed in Appendix 1, while Figurc 1 shows how many species 
originate from the upper range of countries listed in Appendix 2. AII countries for 



Fij». 1. Numbcr of spccics per country from which Neuropterida spccimens in National Musciims of 
Scotland originate. Countries: 1 = Europe; 2 = Tanzania; 3 = Nigcria; 4 = Saudi Arabia; 5 = Is¬ 
rael; 6 = India; 7 = Zimbahwe; 8 = Turkey; 9 = Kenya; 1 0 = USA; 1 I = S. Africa; 12 = Mada- 
gascar; 13 = Oinan; 14 = Australia; 15 = W. Pacific Fringc; 16 = Ycmcn; 17 = Algcria; 18 = 
Niger; 19 = Malawi; 20 = Ghana; 21 = Pakistan; 22 = Sudan; 23 = China; 24 = Socotra; 25 = 
Morocco; 26 = UAE; 27 = Zambia; 28 = the rest (37 countries; numbcr of spccics 10 or 

fcwcr) 
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which there are fewer than IO species represented, have been accumulated into the 
last category of Figure 1. 

The secondary, but no less important, source of information exists in the 
form of databases. In a parochia! Scottish sense, a database called the Scottish In- 
sect Records Index (SIRI) is highly valuable, but little used outside of Scotland. 
This is a paper database of the citations for published Scottish Insect records and is 
a key link to the British literature (Shaw 1987). Percy Grimshaw began this da¬ 
tabase on cards, which were later transcribed in the files now comprising SIRI. The 
628 Neuropterida Records from this Index are now being electronically databased, 
so as to improve access and make complex searches possible. 

A specimen database is being developed as an important pait of curation of 
the collections and also because SIRI is limited to published records, while data 
from large portions of the collection have not been published. This database pres- 
ently holds only 228 data records taken from labeis accompanying speci mens. It 
does, however, also include the basic list of the species and their geographic prove- 
nance (Appendix 1 & 2). 


EXPECTED RESULTS 

The Neuropterida collections have been largely dormant since Rodger 
Waterston retired in 1977 (Shaw & GiBSON 1997). This project is intended to 
renew research interest in the Neuropterida collections in the National Museums of 
Scotland. From these primary and secondary sources of data, we can establish how 
many specimens exist in which species and from what locations. Thus, apart from 
supplying informed answers to environmental and conservation questions, we can 
establish on which species and which geographical areas further research is re- 
quired. Ultimately a synoptic analysis of the Scottish fauna will be developed, to 
encapsulate the data into a single document. 

National Museums of Scotland has also received requests for lists of the taxa 
at particular locations for the furtherance of both environmental and taxonomic re¬ 
search, both in Scotland and abroad. Thus, the provision of detailed databases of 
the material held in the collections will not only facilitate answers to these ques¬ 
tions and make it easier to provided them, but it is hoped they will lead to greater 
awareness of what is in the collections and hence greater international use of them. 


* 

Acknowledgements - It givcs me plcasiirc lo acknowlcdgc the assistancc of my colleagucs 
Horst Aspock, Atilano Contreras-Ramos, Robert Gusten, Mervyn Mansell, Tim New and 
most especially John Oswald, for noting corrcctions in the accompanying list of species. I am grate- 


Acla z.ool. hunf^. 4H (Suppi. 2), 2002 



SrOTTISH NEUROPTKROLOGY 


375 


fui (o ViCKY Morgan for hcr paticnl typing assislancc and to Mark Suaw for hclpful commcnts and 
informalion during ihe compilation of ihis papcr. Rose Whittington kindly proof rcad Ihc papcr. 
Two anonynioiis rcfcrccs providcd valuablc conlributions lo thc final draft and arc ihankcd accord- 
ingly. 


REFERKNCHS 

ALLAN, D. a. (1954) The Royal Scottish Muscum General Survey. The Royal Scottisli Museum 
1854-1954. Oliver & Boyd, Edinburgh. 56 pp. 

ASPOCK, H, ASPOCK, U, & HOLZEL, H. (1980) Die Neuropteren Europus. Gocckc and Evers, 
Krcfcld. Vol. 1.495 pp. 

AspOCK, II, ASPOCK, u, & Rauscm, II. (1991) Die Raphidiopteren der Erde. Goeckc & Evers: 
Krcfeld. Vol. 1. 730 pp. 

Brooks, S. J. & Barnard, P. C. (1990) Thegreen laccwings oflhc world: a gcncric revicw (Ncuro- 
ptera: Chrysopidac). Bulletin of the British Museum of Natural History, EtUomology 59: 
117-286. 

Contreras-Ramos, a. (1999) List of species of Neotropical Mcgaloptcra (Neuropterida). Rro- 
ceedin^s of ihe Entomological Society, Washington 101: 274-284. 

Linsley, e. G. & IJSINGER, R. L. (1966) Inscets of thc Galapagos Islands. Proceedings of the Cali- 
fornia Academy of Sciences (fourth series) 33: 133-196. 

MEINANDER, M. (1972) A revision of thc family Coniopterygidae (Planipcnnia). Acta Zool. Eennica 
136: 3-357. 

New, T. R. (1996) Neuroptera. Pp. 1-104. In WELLS, A. (cd) Zoological Catalogue of Australia. Vol. 
28. eSIRO, Collingwood. 

Oswald, J. D. & Penny, N. D. (1991) Genus-group names of thc Neuroptera, Mcgaloptcra and 
Raphidioptera of thc World. Occasional Papers of the California Academy of Sciences 147: 
1-94. 

SUAW, M. R. (1987) Scottish Inscets Rccords. Entomologist’s Record99. 37-38. 

Shaw, m. r. & GiBSON, J. A. (1997) Andrew Rodger Waterston 1912-1996. The Scottish Naturalist 
109: 43-50. 

Stephen, a. c. (1954) The Department of Natural History. The Royal Scottish Museum 1854-1954. 
Edinburgh, Oliver & Boyd. 56p. 

SWINNEY, G. N. & Suaw, M. R. (1998) History of thc Zoological Collcctions oflhc National Mu- 
scums of Scolland. Bush Telegraph (June 1998) 27: 23-32. 

Tillyard, r. j. (1923) Descriptioris of New Species and varicties of Laccwings (Order Neuroptera 
Planipcnnia) from New Zcaland, bclonging lo thc families Bcrothidae and Hcmcrobiidac. 
Tran.sactions of the New Zealand Institute 54: 217-225. 

Revised version rcccivcd 20th April, 2(X)1, acccptcd 7lh July, 2(K)1, publishcd 30th July, 2002 


Acta zool. hunti. 4H (Suppi. 2), 2002 



376 


A. E. WHITTINGTON 


APPENDIX I 

Neuropterida prcscnt in the National Muscums of Scolland. Taxa arc arranged alphabclically 
within cach rank and only thc ranks Family, Genus (in some cases subgenus) and species have been 
listcd. Taxa and authorities at the species, gencric and family Icvcls, follow Aspock et ai (1980), 
Aspock et ai (1991), Brooks and Barnard (1990), Contreras-Ramos (1999), Linsley and 
UsiNGER (1966), Meinander (1972), New (1996), Oswald and Penny (1991) and Tillyard 
(1923). Data for thc United Kingdom (UK) arc further brokcn down to thc constituent countries Eng- 
land (E), Scotland (S) and Wales (W) and thosc for the United States of America (USA) are dividcd 
into the constituent States. 


MEGALOPTERA 

Corydalidac 

Arclucluiidiodes VAN DER WEELE, 1909 

didiitatus (Walker, 1853) - New Zcaland 
Chaidiodes LatREILLE, 1796 

pectinicornis (LlNNAEUS, 1763) - USA: N. 
Scotia, Virginia 
Corydaliis Latreille, 1802 

affinis BURMEISTER, 1839-Brazil 
sp. - Venczucla 

Neochaidiodes VAN DER WEELE, 1909 

sinenis (WALKER, 1853) - China (Yunnan) 
Neurhennes NAVAS, 1915 

macalipennis Gray, 1832 - Java 
selysi (VAN DER WEELE, 1909) - India 
(Assam) 

Nevromiis RambuR, 1842 

intimis McLachlan, 1869 - India (Assam) 
latratus McLaCHLAN, 1869- India (Assam) 
testaceus Rambur, 1842- Borneo Sabah 
Ni^ronia BANKS, 1908 

fasciata (WALKER, 1853) - USA: Virginia 
Parachaidiodes VAN DER WEELE, 1909 
japonicus (McLacHLAN, 1867) - Japan 

Sialidac 

Sudis Latreille, 1802 

fuliginosa PlCTET, 1836- Gcrmany, UK: S 
iola ROSS, 1937 - USA: Virginia 
lutaria (LlNNAEUS, 1758) - France, Nor- 
way, UK: E, S 

sordida KLINGSTEDT, 1932-Finland 


RAPHIDIOPTERA 

Inocelliidae 

F/77/a Navas, 1915 
Subgenus Fibla Navas, 1915 

maclachlani Albarda, 1891 - Algcria 
Inocellia SCHNEIDER, 1843 

crassicornis (SCHUMMEL, 1832) - Swcdcn 

Raphidiidac 

Agiilla Navas, 1914 
SubgenusNAVAS, 1914 

assimilis (ALBARDA, 1891) - USA: Oregon 
Atlantoraphidia ASPOCK et ASPOCK, 1968 
macidicollis Stephens, 1836 - France, 
Holland, UK: E, S 
Dichrostigma Navas, 1909 

Jlavipes Stein, 1836 - Germany 
Phaeostigma Navas, 1909 
Subgenus Phaeostigma Navas, 1909 

(Fabricius, 1781)-Gcrmany, UK: E 
Pune ha Navas, 1915 

ratzehurgi (Brauer, 1876) - Gcrmany 
Raphidia LlNNAEUS, 1758 
Subgenus Raphidia LlNNAEUS, 1758 
ophiosis LlNNAEUS, 1758 - Germany 
Subilla Navas, 1916 

confinis (STEPHENS, 1836) - UK: E, S 
Xanthostigma Navas, 1909 

xanthostigma SCHUMMEL, 1832- Norway, 
UK: E 
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NEUROPTF.RA 

Ascalaphiclac 

Acheron Lefebvre, 1842 

trux (Walker, 1853) - India (Assam), 
Taiwan 

A^rionosomci VAN DER WEELE, 1909 
ciohrni VAN DER WEELE, 1909 - India 
swinhoci VAN DER WEELE, 1909 - India 
(“Punji”) 

Alloconnodes McLaCHLAN, 1891 

intractabilis (WALKER, 1860) - Nigcria 
kolhei VAN DER WEELE, 1909 - Tan/.ania 
maculipennis (TasCHENBERG, 1879)- 
Ghana 

Amcropterus ESBEN-PETERSEN, 1922 

delicatnlus (McLACHLAN, 1871)- Giiyana 
mortoni ESBEN-F^ETERSEN, 1933 - Trinidad 
Ascalaphus f^ABRICIUS, 1775 

abdominalis (KlMMlNS, 1949) - W. Paki- 
stan 

aethiopiciis (KiMMINS, 1949) - Tanzania 
dicax Walker, 1853 - Bcngal, Iraq, W. 
Pakislan 

festivus (Rembur, 1842)- Israel, N. Nigc¬ 
ria, S. Arabia, Tan/.ania 
worthingtoni (KlMMlNS, 1949) - Ghana, 

W. Nigcria 

spp. - Ghana, India, Kcnya, Niger, Oman, 
Palestinc, S. Africa, S. Arabia, S. Mo- 
rocco, Socolra, Tanzania, Ycmcn 
Ascalohybris SZIRAKI, 1998 

angulatus (Westwood, 1848) - India 
(Assam) 

borneensis (VAN DER WEELE, 1904)- Bor- 
nco, Brunci, Sabah 
javana (BURMEISTER, 1839) - Java 
subjacens (WALKER, 1853) - Japan 
Ascalobyas PenNY, 1981 

microcerus (Rambur, 1842) - Trinidad 
sp. - India 

Ascalorphne BANKS, 1915 

impavidus (WALKER, 1853)- Bra/.il 
Balanopteryx KarSCH, 1889 

locuples Karsch, 1889 - Madagascar 
Hrevibarbis TJEDER & llANSSON, 1992 
argyropterus (TASCHENBERG, 1879) - 
Tanzania 


Bubopsis McLaCMLAN, 1898 

agrioides (Rambur, 1838) - Porlugal, Spain 
hamata {KLVG, 1834)-Oman, Palcsline 
tancrei VAN DER WEELE, 1909 - W. Pakislan 
Cordulecerus Rambur, 1842 

alopecinus (BURMEISTER, 1839) - Bra/.il 
elegans VAN DER WEELE, 1909 - Frcnch 
Guyana 

surinamensis (FABRICIUS, 1798) - Peru 
Cormodophlebia VAN DER WEELE, 1909 
pulchra VAN DER WEELE, 1909 - Mada¬ 
gascar 

Deleproctophylla LEFEBVRE, 1842 

australis (FABRICIUS, 1787) - Grcccc, Sic- 
ily, Tiirkcy 

dusmeti (Navas, 1914) - Spain, Francc 
gelini (Navas, 1919) - S. Morocco 
variegata (Klug, 1 834) - Tiirkcy 

(“Uardin” -i- “Kirikhan-Hassa Road”) 
GERSTAECKER, 1884 
volucris Gerstaecker, 1884 - no data 
Disparomitus VAN DER WEELE, 1909 
citernii NavaS, 1915 - Mo/.ambiquc 
horvathi VAN DER WEELE, 1909 -Tanzania 
longus Navas, 1911 - Tan/.ania 
transvaaliensis VAN DER WEELE, 1909 - 
Tan/.ania 

spp. det. Tjeder - Tan/.ania, Zimbabwc 
Dixonotus KlMMlNS, 1950 

vansomereni KlMMlNS, 1950- Kcnya 
Encyoposis McLaCHLAN, 1873 

bilineatus KOLBE, 1897 -Tanzania 
hemichroa Navas, 1913 - Malawi, Tanza¬ 
nia, Zimbabwc 

hemistigma VAN DER WEELE, 1909 - Siidan 
Eremophanes BANKS, 1924 

bicristatus BANKS, 1924 - Zimbabwc 
Glyptobasis McLaCHLAN, 1873 

dentijera (WESTWOOD, 1848) - India 
/dricerus McLACIILAN, 1873 

sogdianus McLachlan, 1875 - Iran 
(“Sumarkand”) 

Libelloides SchalTcr, 1763 

baeticus (Rambur, 1838) - Spain 
coccajus (Denis ci Schiffermuller, 1775) 
- Francc, Sicily, Spain, Switzcriand 
hispanicus (Rambur, 1842) - Spain 
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ictericus (Charpentier, 1825) - Algcria, 
Corsica, Morocco, Sicily 
italicus (Fabricius, 1781) - Italy, (Iraq?) 
longicornis (LiNNAEUS, 1764) - Francc, 
Spain 

maccironius (SCOPOLI, 1763) - Bulgaria, 
Germany Greecc, Turkey, Yugoslavia 
ottomanus (Germar, 1839) - Greecc, Tur¬ 
key 

ratnhuri (McLACHLAN, 1875)-Japan 
rhomboideus (SCHNEIDER, 1845) - Crete, 
Turkey 

Neoluiploglenius Penny, 1982 

flavicomis McLaCHLAN, 1871 - French 
Guyana 

Nephoneura McLacHLAN, 1873 

costalis VAN DER Weele, 1909 - Zimbabwe 
WeSTWOOD, 1848 

segmentator (WESTWOOD, 1847) - India 
tessellata WESTWOOD, 1848 - W. Pakistan 
PhalascLisa KOLBE, 1897 

hraueri VAN DER Weele, 1909 - Zambia 
hilderhrandti KOLBE, 1897 - Zambia 
Proctarrelahris Lefebvre, 1842 

capensis (Thunberg, 1784) - S. Africa 
involvens (Walker, 1853)- S. Africa 
Protidricerus VAN DER WEELE, 1909 
exitis (McLachlan, 1894) - China 
(Yunnan) 

Protobuhopsis VAN DER WEELE, 1909 
braueri VAN DER WEELE, 1909 - Saudi 
Arabia, W. Pakistan 
Ptyngidricerus VAN DER WEELE, 1909 

albardanus (McLacHLAN, 1891) - Oman 
venustus Tjeder et Waterston, 1976 - 
Oman 

Stephanolasca VAN DER WEELE, 1909 

rufopicta (WALKER, 1853)- Niger, Nigeria 
StilbopteryxNE^MAN, 1838 

costalis Newman, 1838 - Australia 
Sulipalacsa LEFEBVRE, 1842 

abdominalis McLachlan, 1871 -Tanzania 
lemoulti LacroIX, 1925 - Oman 
principes Gerstaecker, 1894 - no data 
rutila (Gerstaecker, 1894)-Tanzania 
sp. - Australia 

Suplialomitus VAN DER WEELE, 1909 


buyssoni VAN DER WEELE, 1909 - Mozam- 
bique, Kcnya 

cephalotes (McLachlan, 1871) - Mada- 
gascar 

Trnesibasis McLACHLAN, 1873 

lacerata Hagen, 1853 - Tanzania, Zam¬ 
bia, Zimbabwe 

rothschildii VAN DER WEELE, 1907 - 
Kenya 

spp. - E. Nigeria, Zimbabwe 

Ululodes C\}KK\E, 1899 

hyalinus (Latreille, 1811) - Peru 
macleayana (Guilding, 1825) - Trinidad 
quadripuctata (BURMEISTER, 1838)- 
USA: Virginia 
sp. - Columbia? 

Berothidae 

Lomamyia BANKS, 1904 

banksi Carpenter, 1940- USA: Virginia 
flavicomis (WALKER, 1853) - USA: Virginia 

MucroberothaTlEDE^, 1959 

nigrescens Tjeder, 1968 - Tanzania 

Chrysopidac 

Atlantochrysa HOLZEL, 1970 

atlantica (McLacfilan, 1882) - Canary 
Isi and s 

Ceraeochrysa Adams, 1982 

lineaticornis (FiTCH, 1855) - USA: Virginia 

Chrysopa LeacH, 1815 

abbreviata CURTiS, 1834 - France, Roma- 
nia, Spain, UK: E 

dorsalis BURMEISTER, 1839- France, UK: E 
Jlaviceps (Brulle, 1840) - Canary Islands 
incompleta BANKS, 1911 - USA: Virginia 
oculata Say, 1839- USA: Virginia 
pallens (Rambvr, 1838)-China, India, 
Japan, UK: E 

perla (LiNNAEUS, 1758) - Austria, Bel¬ 
gium, France, Germany, Hungary, Italy, 
Norway, Switzerland, Turkey, UK: E, S 
phyllochroma Wesmael, 1841 - Fini and, 
Germany, Hungary, Norway 
quadripunctata BURMEISTER, 1839- 
USA: Virginia 
sp. - Malawi 
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Chrysopcrla STEINMANN, 1964 

carnea (Stephens, 1S36) - Canary Is- 
lands, Egypl, Francc, Gcrmany, Hiin- 
gary, India, Iraq, Italy, Spain, UK: E, S 
conf^rua (Walker, 1853) - S. Africa 
externa externa (Hagen, 1861)- Gualcinala 
rufilahris (BURMEISTER, 1839) - USA: 
Virginia 

Chrysopiclia Navas, 1910 
Subgenus Chrysotropia Navas, 1911 

ciliata (Wesmael, 1841) - Belgium, llun- 
gary, Ircland, UK:E, S, W 
C h rysopodes N A V A S, 1913 
Subgenus Neosiiarius Adams et PENNY, 1987 
ni^ripilosa (BANKS, 1924) - Galapagos 
porterina (NavaS, 1910) - Chile 
varicosus Navas, 1914 - West Paci Ile iTinge 
Cunctoclirysa I lOLZEL, 1970 

alholineata (KiLLINGTON, 1935) - UK: E, S 
Dichochrysa YANG & YanG, 1990 

jlavifrons (BrauER, 1850) - France, Italy, 
Spain, UK: E, W 

(Rambur, 1842) - Israel 
prasina (BURMEISTER, 1839) - France, 
llungary, Ireland, Spain, Switzerland, 
UK: E, W 

venosa (Rambur, 1842) - France, Israel, 
Spain, Switzerland 

ventralis (CUTIS, 1834) - Czech, France, I lun- 
gary, Italy, Norway, Spain, UK: E, S, W 
Glenochrysa ESBEN-PETERSEN, 1920 
typica Esben-Petersen, 192()-Ghana 
Gonzaf^a N AVAS, 1913 

ni^riceps (McLacmlan, 1867) - Peru 
Italochrysa PRINCIPI, 1946 

italica (Rossi, 1790) - FYance, Italy, Majorca 
ohertluiri (Navas, 1908) - Chi na 
stii>matica (Rambur, 1842) - Algeria, Spain 
variegata (BURMELSTER, 1839) - Israel 
Lainius N AVAS, 1913 

constellatus Navas, 1913 - Gualemala 
Leucochrysa McLaCHLAN, 1868 
Subgenus Leucochrysa McLaCHLAN, 1868 
clara (McLaciilan, 1867) - West Pacific 
Fringe 

insularis (WALKER, 1853) - USA: Virginia 
varia (SCHNEIDER, 1851)- West Pacific 
Fringe 


Subgenus Nodita Navas, 1916 
azevedoi (Navas, 1913) - Peru 
postica (Navas, 1913) - Peru 
sp. - Brazil 
Mallada Navas, 1925 

picteti (McLachlan, 1882) - Monaco, 
Spain 

punctilahris (McLachlan, 1894) - Chi na 
subcostalis (McLachi.AN, 1882) - Canary 
Islands 

Nineta Navas, 1912 

flava (SCOPOLI, 1763)- Ireland, UK: E, S, W 
guardarramensis {V\CTEY, 1865)- Hungary 
vittata (Wesmael, 1841) - Europe, UK: E, S 
Nothochrysa McLacIILAN, 1868 

capitata (FABRICIUS, 1793) - UK: E, S 
fulviceps (Stephens, 1836) - FYance, llun¬ 
gary, Spain 
sp. - Yemen 

Retipenna Brooks, 1986 

dasyphlehia (McLACHLAN, 1 894) - China 
notata (Navas, 1910)-China 
Suarius Navas, 1914 

lucasi {Navas, 1910)-Iraq, Israel 
tigridis (MORTON, 1921)- Israel 

Coniopterygidae 

Coniopteryx CURTIS, 1834 
Subgenus Coniopteryx CURTIS, 1834 
horealis Tjeder, 1930 - UK: S 
tineiformis CURTIS, 1834 - UK: S 
Subgenus Metaconiopteryx Kis, 1970 
eshenpeterseni T]EDER, 1930- UK: E 
Convventzia EndeRLEIN, 1905 

pineticola Enderlein, 1905 - UK: E, S 
psocifonnis CURTIS, 1834 - Europe, Ire¬ 
land, UK: E,S 

Rarasemidalis ENDERLEIN, 1905 

fuscipennis (REUTER, 1894) - no data 
Semidalis ENDERLEIN, 1905 

aleyrodiformis {Stepwens, 1836)-UK: E 
\7Y/;/r/ (IIagen, 1861)-USA: Virginia 

Di laridae 

/;/7r/r Rambur, 1838 

meridionalis llAGEN, 1866 - Ireland, Spain 
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Hcmerobiidae 

Drepanacra TiLLYARD, 1916 

hinocula Newman, 1838 - Sulawesi 
Drepanepteryx Leacu, 1815 

algida (ErichsON, 1851) - Austria, Swit- 
zerland 

phalaenoides (LiNNAEUS, 1758) - Ger- 
many, Norway, Switzcrland, UK: E, S 
Hemerohiiis LiNNAEUS, 1758 
Subgenus Brauerobius Kruger, 1922 
marginatus Stephens, 1836 - Ireland, 
Norway, UK: S 

Subgenus Hernerobius LiNNAEUS, 1758 
atrifrons McLachlan, 1868 - Czech, 
France, Germany, Norway, UK: S, W 
contumax Tjeder, 1932 - France 
eatoni MORTON, 1906-Canary Islands 
fenestratus Tjeder, 1932 - Denmark 
gilvus Stein, 1863 - Hungary 
liumulinus LiNNAEUS, 1758 - Austria, 
Czech, France, Germany, Hungary, 
Norway, Spain, UK: E, S, USA: Vir¬ 
ginia 

lutescens FABRICIUS, 1793 - Austria, 
Czech, France, Hungary, Ireland, UK: 
E, S 

micans Olivier, 1792- France, Hungary, 
Ireland, Yugoslavia, UK: S, W 
nitidulus FABRICIUS, 1777 - Austria, Nor¬ 
way, UK: E, S 

perelegans STEPHENS, 1836 -UK: S 
pini Stephens, 1836 - France, Germany, 
Norway, Switzerland, UK: E, S 
simulans Walker, 1853 - Norway, Swit¬ 
zerland, UK: E, S 

stigma Stephens, 1836- Austria, Czech, 
France, Germany, Spain, UK: E, S, 
USA: Virginia 
Megalomus Rambur, 1842 

darwini BANKS, 1924 - Galapagos 
fidelis (Banks, 1897) -USA: Virginia 
hirtus (LiNNAEUS, 1761) - France, Spain, 
UK: S 

Micromus Rambur, 1842 

angulatus (STEPHENS, 1836) - France, 
Hungary, Ireland, Israel, Norway, Po- 
land, UK: E 

bifasciatus TiLLYARD, 1923 - New Zealand 


lanosus (Zeleny, 1962) - Hungary 
paganus (LiNNAEUS, 1767) - Ireland, Nor¬ 
way, UK: S, W 

posticus (Walker, 1853)-USA: Virginia 
tasmaniae (WALKER, 1860) - New Zealand 
variegatus (FABRICIUS, 1793) - France, 
Hungary, Ireland, UK: E, S 
Psectra Hagen, 1866 

diptera (BURMEISTER, 1839) - UK: E 
Sympherobius BANKS, 1904 

amiculus (¥\TCW, 1855)-USA: Virginia 
elegans (STEPHENS, 1836) - UK: E 
fallax Navas, 1908 - France, Israel 
fuscescens (Wallengren, 1863) - Aus¬ 
tria, Czech, Norway, UK: S 
klapaleki ZELENY, 1963 - UK: E 
pellucidus (WALKER, 1853)- UK: E 
pygmaeus (Rambur, 1842) - Spain, UK: E 
Wesmaelius Krlger, 1922 
Subgenus Kimminsia KiLLINGTON, 1937 
malladai (Navas, 1925) - France, Nor¬ 
way, Sweden, UK: S 

(Fabricius, 1793)-France, Ire¬ 
land, Norway, UK: E, S, W 
navasi (Andreu, 1911)-Israel 
ravus (WlTHYCOMBE, 1923) - UK: E 
subnebulosus (STEPHENS, 1836) - France, 
Norway, UK: E, S, W 
Subgenus Wesmaelius Kruger, 1922 

concinnus (STEPHENS, 1836) - Czech, Po- 
land, UK: E, S 

quadrifasciatus (Reuter, 1894) - France, 
Switzerland, UK: E, S, W 

Mantispidae 

Mantispa ILLIGER, 1798 

grandis Erichson, 1839 - S. Africa 
nana (Navas, 1912) - Saudi Arabia 
styriaca (PODA, 1761) - Corsica, France 
viridis WALKER, 1853 - USA: Virginia 
spp. - India, New Guinea 
Trichoscelia Westwood, 1852 
varia (WALKER, 1853) - no data 

Myrmeleontidae 

Acanthaclisis Rambur, \S42 

baetica Rambur, 1842 - Italy, Spain 
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occiumica (ViLLERS, 1789)- Francc, lliiii- 
gary, Spain, Turkcy 
pallida (McLaCHLAN, 1 887) - Iraq 
(“Amara”), Tigris 
Ameromyia BANKS, 1913 

muralii Navas, 1932- Brazil 
lUinkisus 1912 

carinifrons (EsbeN-PETRRSENJ936) - 
Tanzania, Zimbabwc 

oculatus Navas, 1912 - Tan/.ania, Zimba¬ 
bwc 

Navas, 1912 

indiciis Navas, 1929 — India 
Icthalis (Walker, 1853) - Gabon, S. Af¬ 
rica, Zairc, Zambia 

Icucospilos (I lACiEN, 1853) - Malawi, Tan¬ 
zania, Zairc 

roseoslif>nia Navas, 1914 - Tanzania 
verendus (WALKER, 1853) - Sri l.anka 
Bracliynemurus llAGEN, 1888 

/cmv (Walker, 1853)-USA; Arizona, 
Orcgon, IJtah 

mexicanum BANKS, 1895 - USA (New 
Mcxico) 
sp. - Brazil 

Callistoleon BANKS, 1910 

erytlirocephalus (Leach, 1814) - Australia 
Campestretus Navas, 1933 

extraneus (Navas, 1912) - Nigcria, Sudan, 
Tanzania 

Centroclisis Navas. 1909 

hracliygaster (Rambur, 1 842) - Kcnya, 
Tanzania, Zimbabwc 
cervina (GERSTAECKER, 1 863) - Egypl, 
Mauritania, Niger, Saudi Arabia, Yc- 
men 

distincta (Rambur, 1842) - Tanzania 
felina (GERSTAECKER, 1894) - Niger, Tan¬ 
zania 

lineata (KiRBY, 1903) - Tanzania, Zanzibar 
lineatipennis (Peringuey, 1910) - S. Af¬ 
rica 

malitiosa (Navas, 1912) - Malawi, Nigc¬ 
ria, Tanzania 

punctulata Navas, 1912 - Mauritania, 
Niger, Sudan, Ycmcn 


rufescens (GERSTAECKER. ISX5) - Ghana, 
Nigcria 

vitanda (NavaS, 1912) - Saudi Arabia 
spp. - India, S. Africa 
Cosina Navas, 1912 

maclaclilani (VAN DER WEELE, 1904) - 
Australia 

Cramhomorphus McLaCHLAN, 1867 

f>randidieri VAN DER WEELE, 1907 - Mad- 
agascar 

Creoleon TiLLYARD, 1918 

aet^yptiacus (Rambur, 1842) - Corsica, 
Spain 

africanus (RAMBUR, 1842) - Ghana, Nigc¬ 
ria, Zambia 

cinerascens (Navas, 1912) - Algcria, Is¬ 
rael, Jordan, Oman, Saudi Arabia, Yc¬ 
mcn 

deciisseta Navas, 1914 - Kcnya, Tanzania 
diana (KOLBE, 1897) - Tanzania, Zimba¬ 
bwc, Zambia 

elei^ans IIOLZEL, 1968 - Iraq, Oman, Paki- 
stan, UAE 

i>riseus (Klug, 1834) - Canary Islands, 
Egypt, Iraq, Israel, Oman, Sudan, UAE 
litteratus (Navas, 1908) - Madagascar 
lugdunensis (ViLLIERS, 1789) - Crete, 
Francc, Grcccc, Israel, Mallorea, 
Mcnorca, Morocco, Spain 
//7r;/7/ytv* (Walker, 1853)- Kcnya, 

Socotra, Sudan 

nif^ritarsis Navas, 1911 - S. Africa 
nubifer (KOLBE, 1897) - Nigcria, Saudi 
Arabia, Tanzania, Uganda, Madagascar, 
Ycmcn 

plumbeus (Olivier, 1811)- Algcria, 
Francc, Grcccc, Ilungary, Iraq, Israel, 
Italy, Lebanon, Romania, Sardinia, Sic- 
ily, Spain, Turkcy 

spp. - Algcria, Ghana, Madagascar, Mauri¬ 
tania, Niger, Nigcria, Saudi Arabia 
Cueta Navas, 1911 

externa Navas, 1914- Madagascar 
klu^i (IIOLZEL, 1982) - Kcnya, Mauritania, 
Tanzania, Ycmcn 

lineosa (Rambur, 1842) - Algcria, Bah- 
rain, Grcccc, Israel, Morocco, Palcstinc, 
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Saucii Arabia, Turkcy, W. Pakistan, Yc- 
mcn 

mincrvae HOLZEL, 1972-Oman 
mysteriosa (GERSTAECKER, 1894) - Tan- 
zania, Kcnya 

piinctatissima (GERSTAECKER, 1894) - 
Malawi, Tanzania, N. Nigeria, Ycmcn?, 
Zambia 

rimata (Navas, 1912)-W. Nigeria 
spp. - E. Africa, India, Oman, Saucii Ara¬ 
bia, Socotra 

Cymothales GERSTAECKER, 1894 
poidtoni Navas, 1913 - Malawi 
mirabilis GERSTAECKER, 1894 - Tanzania 
ccccmtros (Walker, 1860)-S. Africa 
Delfimeiis Navas, 1912 

irroratus (Olivier, 1811) - Israel, Turkey, 
Yemen 

Dendroleon BrauER, 1866 

pantherinus (Fabricus, 1787) - Hungary 
obsoletus (Say, 1839)- USA: Virginia 
Dimarella BANKS, 1913 

praedator (WALKER, 1853) - Brazil 
Distoleon BANKS, 1910 

annulatus (Kluc, 1834) - Algeria 
bistrigatus (Rambur, 1842) - Australia, 
Bengal 

canariensis {Tieder, 1939)-Canary Is- 
1 ancis 

crampeli (ESBEN-Petersen, 1933) - Nige¬ 
ria 

curdicus HOLZEL, 1972-Turkey 
ilione (BANKS, 1911) - Kenya 
laticollis (Navas, 1913) - Israel 
lynx (Navas, 1912) - Nigeria 
perlatus GERSTAECKER, 1885 - Kenya, 
Zimbabwe 

pictiventris (Navas, 1914) - Madagascar 
ciuinquemaculatus (HagEN, 1853) — Ma- 
lawi, Nigeria, Zimbabwe 
sanguinolentus (Navas, 1912) - Nigeria 
somnolentus (GERSTAECKER, 1885) - Aus¬ 
tralia 

tetragrammicus (FABRICIUS, 1798) - 
Crete, France, Grcece, Turkey 
zonarius (Navas, 1934)-Yemen 
spp. - Kenya, Pakistan 
Echthromyrrnex McLaCHLAN, 1867 


insularis KiMMINS, 1961 - Socotra 
Eurolcon ESBEN-PETERSEN, 1919 

nostras (Geoffroy, 1785) - Austria, Hun¬ 
gary, Italy, UK: E 
Ecinerus Na VAS, 1919 

umbratus Navas, 1919 - China (Yunnan) 
Eroggattisca ESBEN-PETERSEN, 1915 

longula (Navas, 1926) - Palestine, Saucii 
Arabia 

pulchella Esben-Petersen, 1915 - Aus¬ 
tralia 

Galapagoleon STANGE, 1994 

danvini STANGE, 1969 - Galapagos 
GY//u////zcy Navas, 1912 

sp. - Kenya, Nigeria, Zimbabwe 
GV//7g/z///z.v Navas, 1912 

pallescens Navas, 1912- Mauritania, Su- 
dan 

sp. - Morocco 
Gatzara Na VAS, 1915 

juhilaea Navas, 1915 - Darjeeling 
Gepella llOLZEL, 1968 

modesta HOLZEL, 1968-Oman, Saudi 
Arabia 

Gepus Navas, 1912 

huxtoni MORTON, 1921 - Iraq 
curvatus Navas, 1914 - Egypt, Oman, 
Palestine, Saudi Arabia 
invisus NavaS, 1912 - Oman, Palestine, 
Saudi Arabia, Trucial States, Yemen 
variegatus Navas, 1932 - Saucii Arabia 
Geyria Esben-PetersEN, 1920 
lepidula (Navas, 1912) - UAE 
Glenoleon BANKS, 1913 

annulatus Esben-PETERSEN, 1918 - Aus¬ 
tralia 

dissolutus (GERSTAECKER, 1885) - Austra¬ 
lia 

pulchellus (Rambur, 1842) - Australia 
(N.S.W) 

Glenuroides OkamOTO, 1910 

Japonicus MaclaCHLAN, 1867 - Japan 
Glenurus 1866 

heteropteryx GERSTAECKER, 1885 - Trinidad 
spp. - China (Yunnan), Philippines 
Gymnocnemia SCHNEIDER, 1845 

variegata (SCHNEIDER, 1845) - Sicily 
Gymnoleon BANKS, 1911 
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dentatus Navas, 1923 - Tan/.ania, Zambia 
exilis Banks, 191 1 - Malawi 
sp. - Algcria 

flaf^enoniyia BANKS, 1911 

f^uttata (Navas, 1914) - Kenya, Tanzania 
imperator (Navas, 1914) - Nigeria 
punctata (Navas, 1911) - Israel, Kciiya 
.sY/gr/A' (Walker, 1853)- Borneo, Hong 
Kong, Sabah 

seyrii^i (Navas, 1933)- Madagascar 
Heoclisis NavaS, 1923 

fulvifusa (KiMMINS, 1939) - Australia 
fundata (WALKER, 1853) - Australia 
louiseae BANKS, 1938 - Philippincs 
sp. - ludia 
Jaya NaVAS, 1912 

dasymalla (OerstaecKER, 1863) - Kenya 
Klapalekus \^)\2 

nubi latus Navas, 1912 - Nigeria 
sp. - Turkey 

Ixichlatbetes NaVAS, 1926 

chian^i BANKS, 1941 -China (Yunnan) 
maestus (Hagen, 1853) - S. Africa, Tanza¬ 
nia, Zimbabwc 
Layahima NaVAS, 1912 

nebulosa Navas, 1912- Darjccling 
Lopezus Navas, 1913 

fedtschenkoi McLaCHI.AN, 1875 - Israel, 
Russi a 

Macroleon BANKS, 1909 

lynceus (FABRICIUS, 1787) - Nigeria 
polyzonus (CiERSTAECKER, 1885) - Ghana 
validus (McLaCMLAN, 1894) - Madagas¬ 
car 

Macronemurus A. CoSTA, 1855 

appendiculatus (LatrEILLE, 1807) - 
Corsica, Francc, Italy, Malta, Morocco, 
Spain 

bilineatus Brauer, 1868 - Grcecc, 4'urkey 
delicatulus MORTON, 1926 - Israel 
elef>antulus MacLaCBLAN, 1898 -Tunisia 
euanthe BANKS, 1911 - Tanzania, Uganda 
linearis (Klug, 1834) - Israel, Lebanon 
striolus KOLBE, 1897 - Kenya, Tanzania 
Maracanda McLaCIILAN, 1875 

lineata Navas, 1913 - Saudi Arabia 
Rambur, 1842 


flavicomis (ROSSI, 1790) - Ilungary, Mo¬ 
rocco 

Mesonemurus Navas, 1920 
harterti Navas, 1920 - Jordan 
steineri IIOLZEL, 1972-Turkey 
Navas, 1914 

indecisa (BANKS, 1913) - Australia 

Myrmecaeluriis A. CoSTA, 1855 

acerbus (WALKER, 1853) - Iraq (“Mesopo¬ 
tamia”) 

atomarius (Rambur, 1842) - Mauritania, 
Nigeria 

Navas, 1912-Saudi Arabia 
major McLachlan, 1875 - Turkey 
medius Navas, 1913 - Sudan 
persidis (Navas, 1929) - Saudi Arabia, 
Trucial States, Ycmcn 
peterseni KiMMINS, 1943 - Arabia 
punctulatus (STEVEN in FISCHER v. 
Waldheim, 1822) 

spectabilis Navas, 1912-N.W. Persia, 
Turkey 

subcostatus BANKS, 191 1 - Mauritania, 
Niger, Nigeria, Sudan 
tri^i^rammus (PALLAS, 1771)- Greecc, 
Ilungary, India, Italy, Jordan, Lebanon, 
Moldavia, N.W. Persia, Palestinc, Saudi 
Arabia, Spain, Turkey, W. Pakistan, Yc- 
men 

tristis (Walker, 1853) - CJabon, Kenya, 
Malawi, Nigeria, Sierra Leone, Tanza¬ 
nia, Zairc, Zambia, Zimbabwe 
varians Navas, 1913 - Palcstine 
zigan 11. ASPOCK, U. ASPOCK et IIOLZEL, 
1980-Ilungary 
sp. - Bcngal 

Myrmeleon LiNNAEUS, 1767 

acer WALKER, 1853 - Australia 
alternans BRVLLE, 1839-Canary Islands, 
Socotra 

atrox (Walker, 1853) - Turkey 
brasiliensis Navas, 1914- Brazil 
celebensis MacLacul.AN, 1875 - Brunei 
circumcinctus Tjeder, 1963 — Palcstine 
croceicollis Gerstaecker, I 885 - Austra¬ 
lia 

crudelis WALKER, 1853 - USA: Virginia 


Actd 7(>ol. tiiinn. 47, 2001 



384 


A. E. WHITTINGTON 


(lorcilice BANKS, 191 1 - Israel, Kcnya, Mo- 
rocco, Oman (Dhufar), Palcsline, Saudi 
Arabia, S. Africa, Trucial States, Turkxy 
fonnicariiis LlNNAEUS, 1767 - Denmark, 
Francc, Grcecc, Ncthcrlands 
hyalinus Olivier, 1811 - Algeria, Canary 
Islands, Oman 

uwuaciilatiis DeGeer, 1773 - USA: Vir¬ 
ginia 

inconspicuus Rambur, 1842 - Austria, 
Francc, Hungary, Italy, Persia, Spain, 
Turkey 

lentus (Walker, 1853) - Malaya, Sabah 
Walker, 1853 — Kcnya, Malavvi, 
17mzania, S. Africa, Zanzibar, Zimba- 
bwc 

obscurus Rambur, 1842 - Botswana, 
Ghana, Kcnya, Nigcria, Madagascar, 
17inzania 

perpilosiis BANKS, 1924 - Galapagos 
pictifrons Gerstaecker, 1885 - Australia 
picturatus Navas, 1914- Nigeria 
teniiipennis (RAMBUR, 1842) - India 
torcpiatiis Navas, 1914 - Madagascar 
trivialis GERSTAECKER, 1885 - Darjccling 
saevus WALKER, 1853 - S. China 
sp. near hyalinus OLIVIER, 1871 — Saudi 
Arabia, Socotra 
Nad LIS Navas, 1935 

siidanensis Navas, 1935 - Kcnya, Zimba- 
bwc 

Nannoleon ESBEN-PeterSEN, 1928 

michaelseni ESBEN-PETERSEN, 1 928 - S. 
Africa 

Neleonia Navas, 1914 

spp. - Australia, Israel, Madagascar, Mo- 
rocco, Socotra, Tanzania, Yemen 
Neinoleon Navas, 1909 

alcidice BANKS, 1911 - S. Africa 
Jilifonnis (GERSTAECKER, 1 885) - Malawi, 
S. Africa 

latens NA VAS, 191 1 - India, W. Pakistan 
notatus (Rambur, 1842) - Madagascar, 
Nigeria 

sp. - Tanzania, Nigeria 
Nesoleon BANKS, 1909 

hoschimaniis (Peringuey, 1910) - S. Af¬ 
rica, Ziinbabwc 


trivirgatus (GERSTAECKER, 1885) - S. Af¬ 
rica, Zambia, Zimbabwc 
Neuroleon Navas, 1909 

arenarius (Navas, 1904) - Spain 
hasilineatiis Fraser, 1952 - Madagascar 
canariensis (Navas, 1906) - Canary Is¬ 
lands, Teneri fe 

egenus (Navas, 1914) - Spain 
/zm/V;/-(N avas, 1930)-Saudi Arabia 
leptaleiis (Navas, 1912) - Algeria, Saudi 
Arabia 

limbatelliis Navas, 1913 - Algeria 
longipennis (ESBEN-PETERSEN, 1931)- 
Kcnya, Oman 

microstenus (McLaCHLAN, 1898) - 
Grcece 

nemaiisiensis (BORKHAUSEN, 1791) - 
Francc, Italy 

ocreatus (Navas, 1904) - Francc, Spain 
parvus Kimmins, 1943-Saudi Arabia 
taifensis KiMMINS, 1943-Saudi Arabia 
tenellus (Klug, 1834) - Turkey, Israel, 
Morocco 

torridus NAVAS, 1914 - Tanzania 
spp. - Ghana, Iran, Israel, Oman, Trucial 
States, Saudi Arabia, 

Nohoveus Nkyks, 1918 

atrifrons (HolzEL, 1970) - Spain, Turkey 
lepidus (Klug, 1834) - Algeria, India, 
Saudi Arabia, Yemen, UAE 
spp. - Mauritania, Saudi Arabia 
Navas, 1912 

teillardi Navas, 1912 - Mali, Saudi Ara¬ 
bia 

Nosa Navas, 1911 

tigris (Dalman, 1823) - Niger, Nigeria, 
Zimbabwc 

tristis (II AGEN, 1853) - Central Africa, 
Kcnya, Tanzania 
Palpares Rambur, 1842 

amitinus KOLBE, 1906 - Madagascar 
angustus McLachlan, 1898 - Mali, Saudi 
Arabia 

astutus (Walker, 1853) - India 
berlandi Navas, 1914 - Ghana 
caffer (BURMEISTER, 1838) - S. Africa 
cataractae PERINGUEY, 1910 - Nigeria, 
Tanzania, Zimbabwc 
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ccphalotcs (Klug, 1834) - Niger, Saucii 
Arabia, Siiclan, Trucial States 
digitatus GerstaecKER, 1894 - Nigeria 
dispar Navas, 1912 - Oman (Dhufar), Ye- 
men 

festivus (GERSTAECKER, 1894) - no data 
Jlavofascialus (McLachlan, 1867) - Zini- 
babwe 

fiirfuracciis (Rambur, 1842) - Niger, Ni¬ 
geria 

gcittatus (Navas, 1933) - Madagasear 
geniculata Navas, 1912 - Israel, Ixbanon 
gigas (Dalman, 1832) - Sierra l.eone 
hildehrandti KOLBE, 1906- Madagasear 
inclemens (Walker, 1853) - Socotra, S. 
Africa 

incommodus (WalKER, 1 853) - Nigeria 
insularis McLaCHLAN, 1894 - Madagasear 
klugi Kolbe, 1898 - Algeria, Niger, Saucii 
Arabia 

lati pennis Rambur, 1842 - Niger, Nigeria, 
Suci an 

lihelloides (LiNNAEUS, 1767) - Algeria, 
Greece, Franee, Iran, Israel, Ixbanon, 
Morocco, Palestine, Sicily, Spain, Tur- 
key 

longicornis (Navas, 1912) - N. Nigeria 
nyassanus (Navas, 191 1) - Malawi 
ohscuripennis (SCMIDT, 1907) - Zimbabwe 
obsoletus GERSTAECKER, 1888 - Congo, 
Zaire, Zimbabwe 

papilionoides (Klug, 1834) - Kenya, 

Niger, Saucii Arabia, Tan/.ania, Yeinen 
pardaloides (VAN DER WEELE, 1907) - 
Madagasear 

pardus (Rambur, 1842) - Bengal, India 
radiatus RAMBAR, 1842 - Mauritania 
sobrinus PERINGUEY, 1911 - S. Africa 
solidus GERSTAECKER, 1893 - Oman 
(Dhufar), W. Pakistan 
sparsus IlAGEN, 1887 - Kenya, Malawi, 
Tan/.ania, Zimbabwe 
speciosus (LiNNAEUS, 1758)- S. Africa 
spectrum (Rambur, 1842) - Niger, Sudan 
tessellatus (Rambur, 1842) - Algeria, 

Mali, Mauritania, Niger, Sudan 
torridus Navas, 1912 - Ghana, Zimbabwe 
tricliogaster Navas, 1913 - India 


voeltzkowi (KOLBE, 1906) - Madagasear 
walkeri MacLachlan, 1894 - Kenya, 
Saudi Arabia 

zebratus Rambar, 1842- W. Pakistan 
sp. - India 

Palparidius PERINGUEY, 1910 

concinnus PERINGUEY, 1910- Botswana, 
S. Africa 

IlAGEN, 1866 

luteus (Tiiunberg, 1784) - S. Africa 
Paraglenurus VAN DER WEELE, 1909 
spp. - China (Yunnan), Rossel Islancl 
Phanoclisis BANKS, 1913 

longicollis (Rambur, 1842) - Mauritania, 
Nigeria, Saudi Arabia 
Pseudoformicaleo VAN DER WEELE, 1909 
nubeculus (GERSTAECKER, 1885) - Sabah 
Quinemurus KiMMINS, 1943 

cinereus 1943-Trucial States 

Sogra Navas, 1911 

alluaudi (VAN DER WEELE, 1909) - Mada- 
gascar 

Solter Navas, 1912 

/Wc/6'r/ Navas, 1912-Israel 
liardei IIOLZEL, 1968 - Saucii Arabia 
l ederer i Navas, 1912 - Israel, Turkey 
liber Navas, 1912 - Portugal 
virgilii NawAs, 1931 - Socotra 
sp. - N. Nigeria 
Stenares llAGEN, 1866 

harpyia (GERSTAECKER, 1863) - India 
hyaena (Dalman, 1823) - Nigeria 
improbus (WALKER, 1853) - India 
irroratus Navas, 1912 - Oman, Saucii 
Arabia 

sp. near irroratus Navas, 1912 - Israel 
Stiphroneura GERSTAECKER, 1885 

inclusa (WALKER, 1853) - India, Bengal 
Kolbe, 1897 

arabicus KiMMINS, 1943 - Yemen 
dolichocercus Navas, 1914 - Madagasear 
longicornis Rambur, 1842 - Zimbabwe 
spp. - Nigeria, Socotra 
Tornature s IlAGEN, 1866 

citrinus IlAGEN, 1853 - S. Africa, Zimbabwe 
clavicornis (Latreille, 1829) - Niger, Ni¬ 
geria 

limonius NAVAS, 1912 - no data 


Acta zool. hiitif’. 47, 2001 



386 


A. E. WHirriNGTON 


pardalis (Fabricus, 1781) - Darjceling, 
India 

slriolatus (Stitz, 1912) - Sudan 
Vella Navas, 1913 

fallax (Rambur, 1842) - N. America 
Vessa Navas, 1931 

^altata Navas, 1931 -Zambia 
Voltor Navas, 1935 

sylplus (VAN DER Weele, 1907) - Mada- 
gascar 

Navas, 1912 

aculas (Walker, 1853) - New Zcaland 

Nemopteridae 

Croce McLachlan, 1885 

(Olivier, 1811)-Israel 
filipennis (Westwood, 1841)- Bcngal 
sp. - Saiidi Arabia 
Dielocroce CO^WLEY, 1941 

elegans (Martynova, 1930) - Oman 
persica (Martynova, 1930) - Iran 
Ilaller Rambur, 1842 

lialleraliis (FORSKAL, 1775) - Iraq 

(“Baiji”), Oman, Pakistaii, Saudi Ara¬ 
bia, Trucial States 
Josanclreva NavaS, 1906 
sa 7 .i Navas, 1906 - Spain 
spuria TJEDER, 1975 - Socotra 
Lerlha NaVAS, 1910 

harhara (Klug, 1838)- unknown locality 
(“Marruccos”) 

exlensa (OLI VIER, 181 1) - Turkey 
leclereri (SELYS-LONGCIIAMPS, 1 866) - 
Turkey 

Nemeura Navas, 1915 

glaitningi (KOLBE, 1901) - Tanzania, Zim- 
babwc 

gracilis (Hagen, 1886) - S. Africa 
Nemopisllui NAVAS, 1910 

iniperalrix (WESTWOOD, 1867) - Ghana 
logonica (KOLBE, 1900) - Nigeria 
Netnoplera Latreille, 1802 

aegypliaca Rambur, 1842- Israel 
bipennis (ILLIGER, 1812) - Spain 
eoa (Linnaeus, 1758) - Grccce 
sinuala Olivier, 181 1 - Grccce, Turkey 
Parasicyoplera Tjeder, 1974 

guichardi TJEDER, 1974 - Socotra 


Ncvrorthidac 

Nevrorllius A. CoSTA, 1863 

fallax (Rambur, 1842) - Corsica 
iridipennis A. CoSTA, 1863 - Bulgaria 

Nymphidac 

Nymphes LEACH, 1814 

mynneleonoides Leach, 1814 - Australia 
G.s7/7y/r?/7.y Banks, 1913 

armatus (McLacIILAN, 1867) - Australia 
sp. - New Guinca 

Osmylidac 

Kempynus N A V AS, 1912 

ciirinus (McLachlan, 1873) - New Zca¬ 
land 

incisus (McLachlan, 1863) - New Zca¬ 
land 

Osmylus LATREILLE, 1802 

fulvicephalus (SCOPOLI, 1763)- Francc, 
Gcrmany, Italy, UK: F, S 

Porismus McLaciilan, 1867 

sirigalus (BURMEISTER, 1838) - Australia 

Thyridosmylus K RUGER, 1913 
minor KiMMINS, 1942 - Bcngal 

Polystocchotidac 

Polystoeclwles BURMEISTER, 1839 

puncialus (FABRICIUS, 1793) - N. America 

Psycliopsidae 

Psycliopsis Newman, 1842 

nolahilis N AVAS, 1912 - Burma 

Zygophlebius NaVAS, 1910 

zebra (Brauer, 1889) - Malawi 

Sisyridae 

Sisyra BURMEISTER, 1839 

brunnea BANKS, 1909 - Australia 
dalii McLachlan, 1866- Francc, UK: W 
fuscaia (Fabricius, 1793) - Francc, Nor- 
way, UK: E, S 

jullandica Esben-PetersEN, 1915 - Norway 
lerminalis CURTIS, 1854 - Czech, Uun- 
gary. Irci and, UK: E 
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C'()untrics ol origin oflhc Neiiroptcrida spcciniciis in thc National Miisciims ol Scollaiul. fag 
ures aflcr thc counlry indicate niimbcrs of species per coiintry in the orders Ncuroptcra+Megalo 
ptera+Raphidioptera witli the total for the three Orders in brackets. 


Algcria 15+0+1 (16) 

Australia 21+0+0 (21) 

Bahrain 1+0+0 (1) 

Bcngal 7+0+0 (7) 

Botswana 2+0+0 (2) 

Bra/il 7+1+0 (8) 

Canary Islands 10+0+0 (10) 

Central African Kcpiiblic 1+0+0 (1) 
Central America 2+0+0 (2) 

Chilc 1+0+0 (1) 

China 11 + 1+0(12) 

Columbia 1 +0+0 (I) 

Congo I+0+0 (1) 

Pgypt 5+0+0 (5) 

Europe 105+3+8 (116) 
iTench Giiyana 2+0+0 (2) 

Gabon 2+0+0 (2) 

Galapagos 3+0+0 (3) 

Ghana 13+0+0(13) 

Guatcmala 2+0+0 (2) 

Guyana 1+0+0 (1) 
llong Kong 1+0+0 (I) 

India 27+3+0 (30) 

Iran 4+0+0 (4) 

Iraq 1 I+O+O (I 1) 

Israel 31+0+0 (31) 

Japan 4+1+0 (5) 

Jordan 3+0+0 (3) 

Kenya 27+0+0 (27) 
l.ebanon 5+0+0 (5) 

Madagascar 25+0+0 (25) 

Malawi 14+0+0(14) 


Malaya 1+0+0 (1) 

Mali 3+0+0 (3) 

Mauritania 1 1 +0+0 (II) 
Morocco 12+0+0 (12) 
Mo(^ambic|uc 2+0+0 (2) 

New Zcaland 5+1+0 (6) 

Niger 15+0+0(15) 

Nigcria 41+0+0 (41) 

Oman 22+0+0 (22) 

Pakistan 13+0+0(13) 

Peru 5+0+0 (5) 

S. Africa 26+0+0 (26) 

Saudi Arabia 37+0+0 (37) 

Si erra Leone 2+0+0 (2) 

Socotra 12+0+0 (12) 

Sri Lanka 1+0+0 (1) 

Sudan 13+0+0(13) 

Taiwan I+O+O (1) 

Tanzania 48+0+0 (48) 

Trinidad 4+0+0 (4) 

Tunisia 1 +0+0 (1) 

4 urkcy 28+0+0 (28) 

UAL 1 1+0+0 (II) 

IJganda 2+0+0 (2) 

USA 22+3+1 (26) 

Vcne/uela 0+1+0 (I) 

W. Pacific iTinge 17+2+0 (19) 
Yemen 18+0+0 (18) 

Zairc 4+0+0 (4) 

Zambia I 1+0+0(11) 

Zan/.ibar 2+0+0 (2) 

Zimbabwc 29+0+0 (29) 
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REPORT ON AN INHORMAL DISCUSSION ON CURRENT 
AND EUTIJRE PROJECTS AND RESEARCH THEMES 
IN NEUROPTEROLOGY 

Aspock, W:, Canard, M. and M. W. Mansell’ 

‘Department ofMedical Parasitology, Clinical Institute of Hygiene, University of Vienna, 
Kinderspitalgasse 15, 1095 Wien, Austria; E-mail: horst.aspoeck@univie.ac.at 
^47 Chemin Flou-de-Rious, F-31400 Toulouse, France; E-mail: michel.canard@wanad()().Jr 
‘National Collectiori of Insects, ARC-Flant Frotection Research Institute 
Private Bag XI34, Fretoria, 0001 Repuhlic of South Africa 
E-mail: vrehmwm @piant5.agrie, za 


UntiI 1980 communication between neuropterologists was almost entirely 
restricted to individiial personal contacts, and at an international Icvel only very 
few knew each other personaily. In September 1980 the First International Sympo¬ 
sium on Neuropterology was held in Graz (Austria), and from this time onwards 
international contacts were significantly improved, particulaiiy also as a resuit of 
the SLibsequent international symposia in Hamburg, Germany (1984), Berg-en- 
Dal, South Africa (1988), Bagneres-de-Luchon, France (1991), Cairo, Egypt (1994), 
Helsinki, Finiand (1997), and Budapest, Hungary (2000). 

In addition, two newsletters devotcd to Neuropterida were founded: the 
Neuropterists Newslctter of the International Association of Neuropterology (ed- 
ited by N. D. Penny) with 9 issues (1981-1999) and Neuro News (edited by C. W. 
Plant) with 26 issues (1988-2000). These newsletters have greatly contributed to 
mutual information. 

Several additional significant steps forward were taken by establishing ac- 
cess to information in our field in the Internet. The following addresses are particu- 
larly important: 

- http://entowww.tamu.edu/research/neuropteridci/neuroweb.html; 

- forum@neuroptera.com. 

Nevertheless, much information on projects being carried out or planned re- 
mains unknown and is unavailable, unless general discussions are held during the 
symposia, and questionnaires distributed which may largely overcome this lack of 
information. 

During the last three symposia (Bagneres-de-Luchon, Cairo, Helsinki) 
Round Table discussions on current projects and co-operation in our field were 
held. Brief reports on these discussions were published in the Proceedings of these 
symposia (ASPOCK 1992, ASPOCK el al. 1996, ASPOCK & CANARD 1998), which 
stimulated much interest among neuropterologists, particulaiiy among those coi- 
leagues who had not been able to attend the conferences. 
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The main purposes of these Round Table discussion should again be 
emphasised: 1) broad mutual information, 2) improvement of strategies for cunent 
and future projects, 3) avoidance of unnecessary (usually unintentional) competi- 
tion resulting in waste of time by duplication of work and, 4) stimulating 
co-operation, establishing useful contacts and initiating joint projects. 

About three months before the symposium questionnaires were sent to all 
neuropterologists collect information on current and planned projects on one hand 
and intended co-operation on the other. Only a few responses were received. In 
July the questionnaires were sent out again so that, Finally, information was ob- 
tained from the majority of the scientific community of neuropterologists. These 
data were presented in Budapest and supplemented by those collected during the 
symposium and by additional information obtained after the symposium. 

A summary of the present state of current (or recently completed) and 
planned projects is presented here. We apologize in advance for any mistakes re¬ 
sulting from misunderstanding . 


NEUROPTERIDA 

U. ASPOCK (in co-operation with J. D. Plant and H. L. Nemeschkal) has 
undertaken a cladistic study of Neuropterida (and of Neuroptera, in particular) that 
has recently been published (ASPOCK etaL 2001). She is continuing these studies, 
particularly with regard to investigations on homologies of genital structures in 
Neuropterida. 

M. Engel has been carrying out cladistic studies based on combination of 
neontological and palaeontological data. 

S. WiNTERTON has been studying the phylogeny of Neuropterida by means 
of a combination of morphological and molecular biological data. 

Gy. Sziraki has been continuing his studies on female genitalia of 
Neuropterida. 

U. Aspock and H. ASPOCK are preparing a review of Neuropterida for a new 
edition of A. Kaestner’s textbook “Lehrbuch der Speziellen Zoologie”. 

Fossils of Neuropterida are being studied by several investigators: R. 
Dobosz (Baltic Amber, in co-operation with W. Krzeminski); M. Engel; V. N. 
Makarkin (materials of the Palaeontological Institute, Moscow); A. Nel (Am¬ 
ber from Paris Basin/Late Eocene; Upper Cretaceous of France; Late Cretaceous 
of Lebanon). 
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V. N. Makarkin (possibly together with J. ANSORGE and A. PONOMA 
RENKO) is planning an “Annotated catalogue of the fossi! Neuropterida of thc 
World”. 

H. Aspock, H. Holzel and U. ASPOCK have conipleted an “Annotated Cat¬ 
alogue of the Neuropterida of the Western Palaearctic” (that was published in 
2(K)I). 

The project on the Neuropterida of northem and northwestem Europe by H. 
Aspock, U. Aspock, J. Gepp, L. (Jreve, N. Kristensen, M. Meinander and A. 
POPOV is stili in progress. 

The Neuropterida will be treated by U. ASPOCK and H. ASPOCK within the 
international project “Fauna Europaea”. 

H. Aspock, U. Aspock and H. Holzel have initiated another book project: 
“The Neuropterida of the islands of the Mediterranean”. 

R. Dobosz is preparing keys for the identification of Polish Neuropteroidea. 

vSeveral colleagues have been studying regional faunas: W. CZECHOWSKA 
(Poland); D. Devetak (Balkan Peninsula); R. DOBOSZ (Poland, Turkey); P. 
Duelli (Switzerland, with particular regard to phenological and chorological data 
using a computer program); A. Gruppe (Germany, in particular Bavaria and SW 
(lermany; Panama); A. Letardi (Italy); M. W. Mansell (South Africa in partic¬ 
ular, and the Afrotropical Region in general, based on the electronic wSouthern Afri- 
can lacewing monitoring programme; see below); R. Pantaleoni (Italy); C. W. 
Plant (Great Britain); A. PoPOV (Catalogue of Neuropterida of Denmark includ- 
ing bibliography, distribution and distributional maps, phenology; Finiand; Swe- 
den; Bulgaria); W. ROMRICMT (Northern, Eastern and Central Germany); Cll. 
Saure (Northem Germany; moreover, he has been preparing a catalogue of the 
Neuropterida of Germany within^the project “Entomofauna Germanica”); E. J. 
Troger (SW Germany, Crete); A. WliriTINGTON (Scotiand); A. Zakharenko 
(Ukraine, Caucasus, Jordan, Central Asia). 

M. W. Mansell has established a long-term project: Southern African lace¬ 
wing monitoring programme, with five operational components: biodiversity audit 
(collecting and curation); systematic revisions and phylogenetic analysis; larval 
biology and ecological requirements; distribution patterns and predictive model- 
ling; conservation status and protecti ve measures. 

A. Gruppe is working on the Neuropterida of canopies in Germany and in 
Panama, and he is planning fuiiher projects on Neuropterida in canopies in Roma- 
nia, SIovenia and Malaysia. 

J. OsWALDand M. OlILare compilingan annotated catalogue of the types of 
Neuropterida preserved in the Muscum fiir Naturkunde, Institut fiir Systematische 
Zoologie der Humboldt-UniversiUit, Berlin. 
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J. OSWALD has been continuing his work on the TIARA Biodiversity Project 
(http://www.csdl.taiTiLi.edu/tiara/) and the Bibliography of the Neuropterida (see 
Internet). Both are large projects that require continuing efforts. 

A. Whittington has been preparing a catalogue of the types of 
Neuropterida preserved in the National Museum of Scottland. He also intends to 
publish a synopsis of Neuropterida in Scotland. 

J. Kubrakiewicz (together with S. M. BiLINSKI) has been studying the 
stmcture of ovaries in several families, particularly with respect to phylogenetic 
conclusions. 

A. Letardi is continuing his studies on the history of research on 
Neuropterida by Italian authors. He is working on a zoogeographical analysis of 
the Neuropterida of Italy. 

H. ASPOCK is permanently collecting data on history of research on 
Neuropterida. 


RAPHIDIOPTERA 

U. Aspock and H. ASPOCK (in co-operation with J. D. Plant) are preparing 
a computerized cladistic study. Another study on the classification of 
Raphidioptera based on molecular biological data has been initiated (joint-project 
with E. Haring). 

H. Aspock, U. Aspock and H. Rausch are continuously canying out revi- 
sional work with Raphidioptera from all paits of the world. 

V. MONSERRAT is supervising a thesis on female genitalia of the 
Raphidioptera of the Iberian peninsula. 

M. Engel is evaluating fossil Raphidioptera from the Lower Cretaceous of 
China. 

Raphidiidae 

H. Aspock, U. Aspock and H. Rausch are permanently working on the tax- 
onomy of adults as well as of larvae of Raphidioptera on a woiid-wide level, espe- 
cially on species occurring in Central Asia. 

Inocelliidae 

H. Aspock, U. Aspock and H. Rausch are presently studying the Inocel¬ 
liidae of Eastern Asia and preparing a review paper. 
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MEGALOPTERA 

M. Engel is completing a monograph of the Oligocene-Miocene Mexican 
and Dominican amber Megaloptera faiina. 

A. Contreras-Ramos is working on the Megaloptera of Venezuela (de- 
scriptions of new species of Corydalits, Chloronia, and Sialis). He is also planning 
a summary of taxonomic knowledge of the Megaloptera of Costa Rica (with em¬ 
phasis on immatures), an illustrated guide for the identification of the Megaloptera 
of Venezuela, and stiidies on mating behaviour of Mexican Corydalinae. 

A. LETARDI is planning taxonomic studies on Asian Corydalidae. 

K. WlSE is investigating the Megaloptera of New Zealand. 

F. Hayasi has been collecting data on larvae of all Japanese Megaloptera; he 
is also continuing his studies on mating behaviour of Megaloptera. 

Sialidae 

T. VOLKOVICH intends to study life cycles of Sialidae in Russia. 


NEUROPTERA 

U. ASPOCK has completed and published a computerized cladistic study 
(ASPOCK et ai 2001) and is now carrying out a DNA-based cladistic study (to- 
gether with E. Haring). 

Gy. Sziraki is working on evolution of Neuroptera. 

M. W. Mansell is running an electronic “Catalogue of Southern African 
and Afrotropical Neuroptera”, Moreover, he has (together with B. Kenyon) de- 
veloped a relational electronic database, called “Palpares Relational Database”, 
which comprises a set of inter-linked tables and forms that contains specimen data, 
taxonomy, localities, bibliography, institutions, persons, queries and graphics. 

F. Hayasi is studying and describing larvae of aquatic and semiaquatic 
Neuroptera of Eastern Asia. 

M. and C. Tauber are working on the comparative biology and systematics 
of the New World fauna. 

V. Makarkin is continuously studying fossil Neuroptera of various periods. 

M. Engel is completing a monograph of the Oligocene-Miocene Mexican 

and Dominican amber Neuroptera fauna. 

A. Nel is investigating fossils from the Mesozoic. 
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Various colleagues are studying the Neuroptera of certain regions (see also 
under Neuropterida): W. CZECHOWSKA (Poland); A. ContreraS-Ramos, J. 
OSWALD & N. Penny (Mexico); S. DE Freitas (Neotropical Region); R. GUSTEN 
(Tunisia, Sokotra); M. W. Mansell (Southern Africa); N. PENNY (together with 
K. Hoffmann, m. Meinander, V. MONSERRAT & L. Stange) (Costa Rica); A. 
POPOV (Bulgaria); K. WlSE (New Zealand). 

T. New is preparing a handbook on the Neuroptera of Malesia. 

M. and C. Tauber are planning a publication on the comparative biology 
and systematics of the Hawaiian lacewings. 

J. Gepp is continuing his studies on larvae of Central European Neuroptera, 
and also on the phenology of alpine Neuroptera. 

R. Pantaleoni is collecting data on the chorology of Neuroptera occun ing 
in Italy. 

A. Letardi is studying the Neuroptera of paiticular habitats (hedgerows of 
agroecosystems; wet area near the coast of Latium). 

P. McEwen, T. New & A. wnrn INGTON are editors of a book on “Lace¬ 
wings in the crop environment” with contributions of many authors, that was pub- 
lished in 2001). 

M. Canard, r. Pantaleoni and M. Paulian have initiated a research pro- 
ject on Neuroptera in wetlands. 

W. CZECHOWSKA is carrying out an ecological research project on the struc¬ 
ture of neuropteran communities in canopies of typical forest associations. 

F. SZENTKIRALYI intends to carry out studies on natural enemies (mainly 
parasitoids) of Neuroptera. 

D. Devetak is studying ecophysiology of mechanoreceptions in various 
Neuroptera (see under Chrysopidae, Mantispidae, Myrmeleontidae). 

Nevrorthidae 

U. ASPOCK and H. ASPOCK are working on a world-wide revision of the family. 
Polystechotidae 

J. OsWALD is preparing a taxonomic review of the family. 
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Osmylidae 

S. WiNTERTON is revising Ihe morphological characters of the genera of 
Osmylidae of the world with respect to the phylogeny and classification of the 
family. 

Chrysopidae 

H. HOLZEL has been continuously working on a catalogiie of the 
Chrysopidae of the Afrotropical Region. 

V. Monserrat has been collecting data for a monograph of the Chrysopidae 
of the Iberian Peninsula. 

R. DOBOSZ is working on a monograph of the Chrysopidae of Poland. 

T. New is continuing his revision of the Chrysopidae of Southeast Asia. 

H. Holzel and the late P. Ohm have revised the Chrysopidae of the Mada- 
gascan subregion. (They have piiblished a paper: HOLZEL & OHM 2000.) 

The late P. OHM and H. HOLZEL prepared a paper on the Chrysopidae of 
northern Africa. 

R. Pantaleoni is investigating the taxonomy of Dichochrysa. 

N. Penny (together with S. DE PREITAS) has been carrying oiit a research 
project on Chrysopidae in agro-ecosystems in Brazil. Moreover, he is stiidying 
new genera of Neotropical Chrysopidae (also together with wS. DE pRElTAS), fiir- 
thermore (together with C. Tauber) describing new species of Chrysopa and 
Ceraeochrysa respectively N. PENNY and S. DE PREITAS are planning to complete 
the Chrysopidae part of the series on Neuroptera of the Amazon Basin, with papers 
on the Apochrysinae, Belonopterygini and Leucochrysini. 

N. Penny and C. Tauber intend to do a revision of Ceraeochrysa. 

M. and C. TAUBER are continuing their studies on New World Chrysopidae, 
they are also planning a larger publication on the New World Chrysopini, with em¬ 
phasis on the generic characteristics of the larvae. 

A. Nel (together with X. Martinez-Delclos) is evaluating fossil Chryso¬ 
pidae from the late Cretaceous of Spain, of Brazil, and of China. 

S. WiNTERTON is planning a project “Molecular phylogeny of the Chryso¬ 
pidae”. 

Yang Xingke is preparing the chapter on Chrysopidae within the “Fauna 
Sinica”. 

Several authors are studying the Chrysopidae of ceitain regions, pailly under 
speciai aspects: A. BOZSIK (Belgium; sibling species of the Chrysopetia carnea 
complex in Hungary and Belgium); S. Brooks (together with C. S. Henry) (sys- 
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tematics of the Chrysoperla carnea complex in Westem Europe); M. CANARD (to- 
gether with R. Cloupeau, M. JARRY, A. Mirmoayedi, M. Paulian and D. 
Thierry) {Chrysoperla carnea complex in Europe and the Near East); S. DE 
Ereitas (Brazil: adults, larvae); R. DOBOSZ (Poland); P. DUELLI (distribution of 
the species of the Chrysoperla carnea complex and detection of new song morphs 
in Eurasia and Europe and providing distribution maps for ali known sibling spe¬ 
cies); L. Jedlicka {Chrysoperla carnea complex in Slovakia); J. B. JOHNSON (to- 
gether with C. Henry, P. Duelli and S. Brooks) (taxonomy and ecology of the 
species of the Chrysoperla carnea complex); M. PAULIAN (Romania); C. W. 
PLANT {Chrysoperla carnea complex in British Isles); M. and C. Tauber (Ha- 
waii: evolution, systematics and comparative biology of Anornalochrysa). 

D. Thierry intends to extend his studies on the Chrysoperla carnea com¬ 
plex to the whole genus. 

R. Pantaleoni is studying parasites of Chrysopidae with particular refer- 
ence to the taxonomy of Heloridae and the biology of Telenomus. 

D. Devetak (together with S. LiPOVSEK and M. A. Pabst) is investigating 
structure, ultrastructure, physiology and biophysics of scolopidial organs in Chry¬ 
soperla carnea s. 1. 

A. BOZSIK is studying feeding habits of adult Chrysopidae in Hungary as 
well as side-effects of pesticides on green lacewings with special emphasis on the 
Clir. carnea complex. 

M. CANARD is studying Chrysopidae in agrosystems. 

C. F. Carvalho and S. DE Freitas are investigating the possible signifi- 
cance of Chrysoperla externa in biological control. 

M. A. M. Ventura is studying Azorean Chrysopidae with respect to their 
potential role in biological control and integrated pest management. Moreover, she 
has (together with colleagues from Europe and USA) started a programme to in¬ 
vestigate the provenance of the representatives of the Chrysoperla carnea complex 
occuiTing on the Azores. 

F. SZENTKIRALYI is continuing his long-term project on light trap monitor- 
ing. Moreover, he is planning a project on toxic effects of transgenic Bt-maize to 
lacewings. 

S. A. El Arnaouty is carrying out mass rearing of Chrysoperla carnea (s. 
1.) and release in greenhouses and in the field for control of aphids. 

S. Hassan is doing some research on mass rearing and various application 
methods. 

D. Thierry (together with E. Rat-Morris and with C. Trouve respec- 
tively) is working on the efficiency of Chrysopidae for Integrated Pest Manage¬ 
ment, in paiticular in the protection of leek and in vegetable crops. 
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M. and C. Tauber are stiidying the varioiis possibilities and aspects ofconi- 
iiiercialisation of Chrysopidac in particular also species of Ceracochrysa, 
Plcsiochrysa and Leiicochrysa, as biological control agents. 

T. VOLKOVIcn is working on physiology and ecology of Chrysopidac, in 
particular she is stiidying lile cycles of Chrysopidac of Eastern Europe. 

A. Kovrigina is planning a faunistic and ecological review of the Chryso- 
pidae of Russia. 

1). THIERRY (together with M. MOULOUD and P. SlMO) is investigating en- 
zyme polymorphism of species of the Cluysopcria carnea complex used in inte- 
grated pest control. 

C. F. Carvaliio is planning studies on the population dynamics of 
Chrysopidac species on coffee tree, fruit trees, corn and vegetables in the south of 
the State of Minas Cierais (Brazil) and, simultaneously, a catalogiie of the species 
of the family occurring in this part of Brazil. 

Hemerohiidae 

.1. OSWALD has been describing new species from various parts of the world. 

M. and C. Tauber have been working on the evolution, systematics and 
comparative biology of Hawaiian species o{ M ieramus. 

S. DE Ereitas is stiidying the Hemerobiidae of Brazil. 

A. Mirmoayedi (together with A. Zakharenko) is investigating the 
Hemerobiidae of Iran. 

M. Paulian is stiidying the role of Hemerobiidae in piant protection. 

C. W. Plant is pailicularly interested in documenting the phenology and 
voltinism of the British species. 

F. SZENTKIRAl.YI continues his long-term project on light trap monitoring. 

H. ASPOCK has begun with a documentation of the history of research on the 
family. 

Sisyridae 

W. Weissmair has been stiidying the family from various aspects, particu- 
laiiy the taxonomy of adults and larvae and biology. 

C. Smithers is carrying out a revision of the Sisyridae of Australia. 
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Con iopterygidae 

M. Meinander (prcsently mayor of Helsinki) had to intemipt his work on 
Coniopterygidae for Ihe next three years, but inlends to continue later. 

Gy. Sziraki has been continiiously working on the taxonomy on a 
woiid-wide level, in particular, he is studying material froin Europe, Asia and Af¬ 
rica. He is planning a review of the Coniopterygidae of Arabia and, later, another 
covering Asia, Europe, and Northern Africa. 

A. Mirmoayedi (in co-operation with A. Zakharenko) is studying the 
Coniopterygidae of Iran. 

H. ASPOCK is docLimenting eaiiy publications on Coniopterygidae and the 
history of research on the family. 

Di laridae 

R. PantaleONI is investigating ihe biology of Dilar parthenopaeus. 

Manti spidae 

M. Ohl intends to carry out a revision of ali genera of the family and of the 
species occurring in the Palaearctic region. 

A. E. WllITTINGTON has started with studies on African Mantispidae. 

S. DE Freitas is studying Mantispidae of Brazil. 

T. New continues his studies on Asian Mantispidae. 

D. Devetak (together with K. Kral) is continuing studies on visual orienta- 
tion in the predatory behaviour of Mantispa styriaca. 

Berothidae 

U. ASPOCK and H. ASPOCK are continuing their revisional work of the family 
on a world-wide level. 

M. Engel is studying fossil material from Baltic Amber. 

P. E. Spiegler intends to carry out further studies on the biology of Loma- 

rnyia. 

Rhachiherothidae 

U. ASPOCK and H. ASPOCK are always ready to study and identify material 
with the goal of a summarizing publication on the family in a few years. 
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MYRMELH()NTIF'()RMIA 

J. OSWAl.D is sliiclying tlie phylogeny oflhc families of ihis siiborcler. 
Nemoptcridae 

M. W. Mansell continues his sluclies on Nemoptericlae, with speciai atlen- 
tion to Ihe genera Ncmia and NemoptereUa. 

A. Mirmoayedi (in co-operation with M. Mansell) is studying the 
Nemopteridae of Iran. 

J. OSWAI.D is reviewing the genus Stcfiorrhaclnis. 


Nyniphidae 

J. OSWALD is revising the faniily and invcstigating its phylogeny. 
Mynnclcoutidac 

V. Krivokhatsky is studying tlie muscles of male genitalia. Moreover, he 
is continuing to describe new species from different parts of the woiid. He is par- 
ticulaiiy interested in the fauna of Russia, and he pians to write the chapter on 
Myrmeleontidae in the “Fauna of Russia and adjacent countries”. 

M. Mansell continues his research in Afrotropical Myrmeleontidae, with 
speciai emphasis on the Southern African fauna; taxa of particular interest are 
Cmnihoniorphus, Golafnis, Laclilatlietcs, the speciosus-gvoup of Palpares (for 
which a new genus will have to be described), and the Isonemurini. 

J. OSWALD is working on the taxonomy of North American Myrnieleoa spe¬ 
cies on one hand and on the phylogeny of the family on the other. 

A. Mirmoayedi (together with V. Krivokhatsky) studies Myrmeleon¬ 
tidae of Iran. 

R. Panfaleoni is studying the taxonomy of larvae of the genus Myrnieleon. 

S. DE Freitas is interested in the taxonomy of Myrmeleontidae of Brazil. 
H. HOLZEL is continuing his revisional studies on the Myrmeleontidae of the 

Arabian Peninsula. 

N. PENNY and L. S rANGE are planning a revision of the genus Visca (Mada- 
gascar). 

W. Roiiriciit continues to collect faunistical data on Myrmelcofi hore. 

F. vSZEN rKIRAl.YI is continuing his long-term project on light trap monitor- 

ing. 
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A. KOVRIGINA is planning a study on the biology and distribution of Grocus 
bore in Ihe Samara Region (Russia). 

D. Devetak (together with B. Mencinger) is investigating detection and 
recognition of prey in ant-lions. 

Ascalaphidae 

V. Krivokhatsky is preparing the chapter on Ascalaphidae in the “Fauna 
of Russia and adjacent countries”. 

H. HOLZEL continues his studies on the Ascalaphidae of the Arabian Penin¬ 
sula. 

A. Prost is stLidying the Ascalaphidae of West Africa. 

M. M ANSELL is continuing his work on Ascalaphidae of South Africa, partic- 
Lilaiiy with respect to the discovery, rearing and correlating larvae. 

A. Letardi is planning taxonomic studies on Ascalaphidae of subsaharan 
Africa. 

Gy. Sziraki continues his taxonomic studies on Ascalaphidae of Asia, and 
woLild bc interested in a co-operation. 

O. Flint will describe a new species of Pseudoptynx from Sri Lanka. 
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INTRODUCTION 

The post-syniposium cxcursion Ihoiigli Central and soiith-west Hungary, pro- 
vided menibers ofthe Seventh International vSyniposiiim on Neiiropterology with 
an opportunity to collect Neiiroptera in a variety o\' interesting and uniisiial habi- 
tats. Furtherniore, it prolonged the four-day symposium by six days, giving atten- 
dees the chance to integrate socially and scientifically, distil new ideas and projects 
and to further their joint interests. 

The purpose ofthis report is to place on rccord the route followed (Fig. 1) and 
the location of the 14 collecting points along that route, including the location of 
the Symposium, the Leisure Centre at Csilleberc, Budapest. A list of 40 species 
collected and determined by some ofthe members on the cxcursion (Table 1), and 
compiled from submissions by participants, is also provided. The total number of 
species known for Hungary was listed at 109 species (SZIRAKI et al. 1992), but 
probably needs revising to about 1 12 species (SZENTKIRALYI pers. comtu.). The 
Chrysoperln carnea (Stepiiens, 1836) species group was not treated equally by 
all collectors submitting reports. It has consequently been recorded firstly as an ag¬ 
gregate and then as the species segregates identified in some submissions. 

Although no new taxa were recorded for the area, the list of 40 species is 
good for the end of season. These data provide additional distribution records for 
the growing number of records amassed by scientists working on Neiiroptera in 
Hungarian Institutions, although many ofthe sites visited are already well known 
to them and previously surveyed. Nonetheless, the fauna was unfamiliar to many 
ofthe participants from abroad and this was a unique opportunity to collect species 
previously not encountered. 

The bulk of the collecting was by beating and sweeping vegetation, both 
highly successful methods for collecting Neiiroptera. Supplementing these meth- 
ods, Mercury Vapour light traps were erected at two locations at Uzsai esarabos 
erdo Protected Area and at Kaszopuszta, resulting in 7 and 14 species per site. The 
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sites are listed numerically below and are reflected on Table 1. Total species per 
site are also provided in Table 1, with the highest totals being recorded at locations 
where more than one day was spent at the site (Csilleberc and Kaszo-puszta), or 
where the fauna was known to be unusually rich (mixed deciduous-oak woodland 
and Incerne fields at Toti-hegy). 

The greater diversity and abiindance of the Chrysopidae over other families 
is significant. The Chrysoperla carnea (Stephens, 1836) complex was particu- 
larly widespread, followed closely by Chrysotropia ciliata (Wesmael, 1841). 
Collecting Sisyra fuscata (FABRICIUS, 1793) and Mantispa perla (PALLAS, 1772) 
at light traps (the latter from the ground near a “black-light“), and Sisyra spp. from 
riverine vegetation were highlights of the trip. 


COLLECTING SITES 

The manner in which collecting sites were recorded by collectors was not 
consistent. The following list is consequenlly a harmonised combination of those 



Fi<». I. Routc of the Ncuroplcrological excursion in Central I lungary, 10-15 Augiist 2000. Numbers 
along the roiite indicate seqiiential collecting sites as listed in text 
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rccorcis and represents Ihc slopping points along ihe routc. Minor (onc-oIT) collec- 
lions by individuals, at places in bctwcen these sites have not bcen taken into ac- 
coLint here. Most ofthe co-ordinates were taken tVom a Garmin GFS JS Persona! 
Navii^ator^^^ and have been rounded to the nearest minute. 

1. Budapest, Csilleberc (Budai-hegyseg, between 4()()-5()() m a.s.l.). 05-09 
August 2000- Leisure Centre set in mixed deciduous woodland (mainly Quercus 
cerris and Q. petraea mixed with hornbeam, or beech in northern cooler and wetter 
slopes) incliiding materiai collected at Normafa (47°30’N I8°58’E). wSwept, beaten 
and at lights. 

2. Tolnacounty, Dima-Drava National Park, wSzekszard, Gemenci-erdd, river 
bank ofDuna (46°26’N 18°47’E). 10 August 2000- Riverine gallery Torest in the 
Duna (=Danube) river valley (original vegetation fragments: Quercus robur mixed 
with Fraxinus excelsior. Ulmus and poplars with rich bushy vegetation; recently 
planted poplars). wSwept and beaten. 



Fij»s 2-3.2 = H. ASPOC K and U. ASPOCK at Biigac; 3 = Participants oii llic lop oflhe hili Toti-hegy; 4 
= Parlicipants on ihe bank ofthe river Drava; 5 = P. OllM at Bugac 
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Table 1. Genera anci species recorded during the Neuroplerological excursion in Mungary, 10-15 
August 2000. Abbrevialic^n: 1 = Csillebcrc, 2 = Gemenci-erdo, 3 = Kunszallas, 4 = Bugacpuszta, 5 = 
Tihanyi-felszigel, 6 = Vaszoly, 7 = Tc)li-hegy, 8 = Uzsai esarabos erdc), 9 = Fenckpuszta, 10 = 
Kaszopuszta, 11 = Lankocpuszta, 12 = Belavar, 13 = Vfzvar, 14 = Balata-to 

Site 


1 

2 

3 4 5 6 7 8 9 

10 11 12 13 14 

Chrysopidae 





Chrysopa abbreviato CURTlS, 1834 



+ 


C. dorsalis BURMEISTER, 1839 



+ 


C. ybmzava BRAUER, 1850 

+ 

+ 

+ 


c. pallens (RAMBUR, 1838) 

+ 

+ 

+ + 

+ 

C perla (LiNNAEUS, 1758) 

+ 


+ 

+ 

C. phy11ocliroma V^ESMAEL, 1841 





C McLacHLAN, 1893 



+ 


Clirysoperla carnea (STEPHENS, 1 836) 

+ 

+ 

+ + + + + + 

+ + + + + 

complex 





“C carnea complex” “slow motorboat” 


+ 

+ + + 


“morph (=Cc2)” 





“C carnea complex” '^kolthoffr 

+ 


+ + + + 

+ 

“morph (=Cc4)” 





C. liicasina (LaCROIX, 1912) 



+ 


Chrysotropia ciliata (WESMAEL, 1841) 


+ 

+ + + 

+ + + + + 

Dichochrysa flavifons (BRAUER, 1850) 

+ 


+ 


D. prasina (BURMEISTER, 1839) 

+ 

+ 

+ + 

+ + 

D. ventredis {C\JKY\?>, 1834) 

+ 


+ + 

+ 

Ninetajlava (SCOPOLI, 1763) 



+ 


N. guadarramensis {?\CYET, 1865) 



+ 


N. principiae MONSERRAT,1980 

+ 




Nothochrysa fulviceps (STEPHENS, 1836) 

+ 


+ -f 


CONIOPTERYGIDAE 





Coniopteryx lentiae ASPOCK et ASPOCK, 

+ 




1964 





C. pygmaea (ENDERLEIN, 1906) 

+ 




Conwentzia psociformis (CURTLS, 1834) 

+ 




Semidalis cdeyrodiformis (STEPHENS, 

+ 



+ + 

1836) 





Hemerobiidae 





Hetnerobius gilvus STEIN, 1863 

+ 


+ + 

+ 

H. hiimulinus LiNNAEUS, 1758 

+ 

+ 

+ 
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Tablc 1 (continucd) 


vSitc 

1 2 3 4 5 6 7 S 9 10 11 12 13 14 


//. lutescens PABRICIUS, 1793 + 

//./?7/cY/A/.v Oli VIER, 1792 + 

n. nitidiiliis TaBRICWS, 1777 + 

Micromiis an^iihitus (STEPHENS, I S36) 

M. /^//77M7/.v (ZELENY, 1962) + 

M. vcirieflatus {Fabr\C\\JS, 1793) + 

rsectra cliptera (BURMEISTER, I S39) 


Symphernhius elej^cins (STEPHENS, 1836) 
Mantispidae 

Mdntispa perla (PALLAS, 1772) 
Myrmeleonitdae 

lutroleon nostras {VOVRCROY, 1785) + 

Creoleon pluniheus (OlJVIER, 1811) 

Mynnecaelurus tri^ranunus (PALLAS, + 

1781 ) 

Mynnelenn inconspicuus Rambur, 1842 
SISYRIDAE 


4- 


+ 4- 

+ 


+ 




4- 


4- 


+ 


Sisyra fuscata (F^ABRICIUS, 1793) 

S. tenninalis CVRTIS, 1855 

Tolals 23 8 9 6 6 1 17 7 


+ + 


+ 


+ 

4- 

4- 


4- + + 

4- 4- 

14 6 5 4 2 


3. Bacs-Kiskiin county, Kunszallas (46°44’N I9°45’E). 10 Aiigiist 2000- 
l)ry fallow agricultural ficlcls near lo and in (he groiinds of Rona Panzio Holci. 
wSandy soil. Swept, beaten and at lights. 

4. Bacs-Kiskiin county, Kiskiinsagi National Park, Bugacpuszla (46°39’N 
19°37’E). 11 August 2000 - Jiinipcr-white poplar mixed forest (Juniperetuin: 
Juniperus conunitnis. Populus alha) and planlcd Pinus sylvestris stands on sand 
diine substrate. wSwept and beaten (Fig. 2). 

5. Veszpreni county, Balaton-Felvideki National Park, Tihanyi-felszigel, a 
peninsula at Lake Balaton (46°55’N 17°50’F^). 1 1 August 2000 - Meadows and 
wooded walk to the hilis Nyereg-hegy and Csucs-hegy. Mixed dccidiious dry oak 
forest with rich bushy vegetation on volcanic substrate. Swept and beaten. 
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6. Veszprem county, Balalon-Felvideki National Park, Vaszoiy (46°56’N 
I7°20’E). 1 I Augiist 2000 - Agricultural pasture and inixed woodland. Domestic 
lights. 


7. Veszprem county, Balaton-felvideki National Park, Kaptalantoti, 
Toti-hegy, 3 km W from Salfold (46°50’N 17°33’E). 12 August 2000-Mixed dry 
deciduoLis-oak woodland (mainly Quercus cerris and Q. pubescens) with scattered 
xerothermous grassy patches (Eig. 3). At the wetter base of the hili, mixed 
oak-hornbeam forest and Incerne Fields. wSwept and beaten. 

8. Veszprem county, Siimeg, Uzsai csarabos erdo Protected Area, 5 km SE of 
Slimcg (46°56’N 17°20’E). 12 August 2000 - Mixed dry birch-oak woodland 
{Quercus cerris and Q. pubescens) and plantations of Pinus sylvestris and P. ni^ra 
and scattered patches of grass and Calluna vulgaris. Sauer soil on sand-conglomerate. 
Swcpt, beaten and at light trap with use of 125W Mercury-vapour bulb, 
21h00-24h00. 

9. Zala-county, Keszthely, Eenekpuszta, 4 km S of Keszthely (ca. 46°40’N 
17°15’E). 13 August 2000 - Eourth century Roman ruins. Unmanaged meadow 
with ruderal vegetation and agricultural lands. Swept. 

10. Somogy county, Somogyszob, Kaszopuszta, 7 km NW of Somogyszob 
(46°I9’N 17°14’E). 13 August 2000- Mixed birch-oak woodland and Pinus syl- 
vestris plantations on sandy soils. Swept, beaten and at light trap (125 W mercury 
vapour bulb), 21h00-24h00. 

1 1. Somogy-county, 13una-Drava National Park, Gyekenyes, Lankocpuszta 
(5 km wSE of Ciyekenyes) (46°13’N 17°03’E). 14 August 2000-Canopy mixed oak 
woodland {Q. robur, Fraxinus) on wet soils of lowland. Swept and beaten. 

12. Somogy county, Duna-Drava National Park, Belavar, river bank of 
Drava (46°07’N 17°12’E). 14 August 2000- Drava river and riverine gallery for¬ 
est (Eig. 4), also few smaller patches of half-opened sand-grassland vegetation, 
maize fields. Swept and beaten. 

1 3. Somogy county, Duna-Drava National Park, Vfzvar, river bank of Drava 
(46°05’N 17°14’E). 14 August 2000 - Drava river and riverine gallery forest. 
wSwept and beaten. 
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14. vSoniogy coiinty, wSzenta, Balata-l6 (Lake Balata) Protecled Area, I kni 
SW of Kaszopiiszta (46°I 8’N 17° 13’E). 15 Aiigust 2000- Mixed old oak forest on 
wel sandy soil. vSwept and beaten. 


Acknowlcd^cmeuts - tMrsl and Ibrciiiost wc arc gralelul lo Gyorgy SziRAKi and his tcani Ibr 
organising a supcrb toiir of 1 liingary and obtaining thc ncccssary perinissions Ibr working in national 
parks. We also acknowlcdgc ihc considcrablc assislancc of Frrenc Szrntkiralyi Ibr his delailcd 
discussions oflhc collccling localitics and Ihcir ccology and Ibr chccking Ihc spclling of place nanics 
uscd in ihis reporl. 1'hank you to Oliver 1^'lint Ibr laliludc and longitudo readings from a handhcld 
Garmin GI\S i<S‘ Persomil Ncivi^ator^^^ and lo ihc Improvcnicn! of thc Insect Collcction Fund, Sniilh- 
sonian Institiition ihal made his allcndancc possiblc. Also oiir gralitudc lo MiCHEL Canard, Peter 
O uELLi, Agostino Letardi, Oliver Flint, Peter Ohm, John Oswald and Dominioue Thierry 
Ibr siibmilling addilional spccics-locality dala. 
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Siinday, Aiigiist 6 


15.00-18.30 

Regi.stnition at the Csilleberc Leisure and Youth Centre 


17.30 Get togethcr party and opcning of the symposium 

Monday, Aiigiist 7 

8.00-12.00 Possibility to piit iip posters 


9.00-9.30 

Opening words ot' Timothy New, president of the Interna¬ 
tional Association for Neuropterology at the beginning ofthe 
scientific part ofthe symposium 

9.30-12.00 

Scssion 1 - Chairpersons: Meinander, M. & Flint, O. S. 

9.30 

Aspock, H.: The biology of Raphidioptera: a review of pres- 
ent knowledge 

10.10 

10.35 

1 1.05 

Popov, A.: Neuropteroidea of Northern Europe 

New, T.: Neuroptera of Wallacea 

Popov, A.: Zoogeographical analysis of Neuroptera in Bul- 

1 1.35 

garia 

Mirmoayedi, A.: New findings on the Iranian Neuropteran 
fauna 

12.00 

12.20-13.40 

Photographing 

Lunch time 

13.40-16.05 

Session 2 - Chairpersons: Oswald, J. D. & Popov, A. 

13.40 

Mansell, M.: The Palpares relational database: an integrated 
model for lacewing research 

14.20 

Ohm, P. & Hdlzel, H.: Zoogeographical pattern of Madagas- 

15.00 

15.25 

can Chrysopidae 

Giisten, R.: Antlion assemblages of two arid habitats in Tunisia 
Flolzel, H. & Ohm, P.: Patterns in the distribution of Afro- 

17.00-20.00 

tropical Chrysopidae 

Sightseeing in Budapest 
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Tuesclay, August 8 

8.30-10.15 Session 3 - Chairpersons: New, T. & Whillington, A. E 


8.30 

Aspock, U.: Homology of male genital sclerites in Neiiropte- 
rida - an adventure 

9.05 

Sziraki, Gy.: Contribiition to the knowledge of female inter- 
nal genitalia of Neuroptera 

9.35 

Mansell, M., Erasinus, B.: Southern African biomes and the 

10.30-12.30 

evolution of Palparini (Insecta: Neuroptera: Myrmeleontidae) 
Round table discussion on phylogeny of Neuropteroidea 
Chairperson: Aspock, U. 

12.30-13.50 

Lunch time 

13.50-15.40 

13.50 

Session 4 - Chairpersons: Canard, M. & Szentkiralyi, F. 
Paulian, M., Thierry, D., Canard, M.: Green lacewing com- 
munity and biodiversity changes in agroecosystems: an up- 
setting perspective (Neuroptera: Chrysopidae) 

14.20 

Duelli, P.: Forest edges are biodiversity hotspots-also for 
Neuroptera 

14.55 

EI Arnaouty, S.: Biological control of green peach aphid My- 
Z.US persicae by Chtysoperia carnea (Stephens) sensu lato (Neu¬ 
roptera: Chrysopidae) on green peppers in greenhouses in 
Egypt 

15.30-18.00 

Poster session 

Bozsik, A.: Side-effect of zoocides on adult Chiysoperla kolt- 
hoffi sensu Cloupeau, or is it possible to correct toxicology 
data gained on Chrysopetia carnea (Stephens) sensu lato (Neu¬ 
roptera: Chrysopidae) 

Bozsik, A.: Data on dispersion of different taxa of the Chty¬ 
soperia carnea complex in some parts of Europe (Neuro¬ 
ptera: Chrysopidae) 

Bozsik, A.: Diversity and similarity of sibling species of the 
Chrysoperia caniea complex (Neuroptera: Chrysopidae) in 
Hungary 

Bozsik, A, Mignon, J. & Gaspar, Ch.: The green lacewings in 
Belgium (Neuroptera: Chrysopidae) 
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Carvalho, C. F., Canarcl, M. & Alaiizct, C.: Weighl incrcase 
of Cluysoperla nicditcrranea (Molzel, 1972) (Neiiroptcra: 
Chrysopiclae) acliilts in fiinction of feeding 
Carvalho, C. F., Canarcl, M. & Alauzet, C.: Innuence of ciensily 
Chrysopcrki mediterranea (Fldlzel, 1972) (Neiiroptcra: Chry- 
sopidae) adiilts per rearing iinits on reproduction potentiai 
Devetak, D.: Neiiroptcra in the Siibniediterrabean oak Forests 
in Slovenia 

Gepp, J.: Ecological stiidies on antlions (Myrmeleontidae) ot' 
the Kiskiinsag National Park 

Krivokhatsky, V.: Miisculature of male genitalia of antlions 
(Neiiroptera: Myrmeleontidae) 

Letardi, A.: Data aboiit Italian Neuropterida on a web page 
Letardi, A. & Migliaccio, FI: Neuropterida of the Abriizzi 
National Park 

Idpovsek, S. & Mencinger, B.: Remarks on Neiiroptcra ofthe 
north-eastern part ofvSlovenia 

Mansell, M. W.: Monitoring lacewings (Insecta: Neiiroptcra) 
in Southern Africa 

Mateus Ventura, M., Ciarcia, V. & Canarcl, M.: IPM arrange- 
ments: be aware that benefical chrysopids may be depressed 
by microbiological treatments with Metarhiziam sp. 

Paulian, M.: Recent additions to green lacewing fauna of Ru- 
mania (Neiiroptcra: Chrysopidae) 

Piant, C.: Mapping the British Isles Neuropterida 

Popov, A.: Autecology and biology of Nemoptera sinuata 

Olivier (Neiiroptcra: Nemoptericlae) 

Souza, B. & Carvalho, C. F.: I\)pulation clynamies and 
seasonability of Chrasoperia externa (Hagen, 1861) (Neuro- 
ptera: Chrysopiclae) in a citrus agroecosystem 
Szentkiralyi, F. & Kazinczy, L.: wSeasonal flight patterns of 
antlions (Neiiroptcra: Myrmeleontidae) monitored by the 
Hungarian light trap network 

Szentkiralyi, F. & Kristm, A.: Lacewings and snakellies 
(Neiiroptcra, Raphiclioptera) as preys for bircl nestlings in 
Slovakian forest habitats 

Thierry, I)., Mouloud, M., Clui, N. T., Simo Santalla, P. & 
Ciillet, P.: Fnzymes polymorphism in Cluysoperla carnea 
complex (Neiiroptcra: Chrysopiclae) 
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Wednesday, August 9 

8.30-9.50 Session 5 - Chaiipersons: Holzel, H. & Mateus Ventura, M 


8.30 

Trouve, C., Thierry, D., CanarcI, M.: Lacewings (Neiiroptera: 
Chrysopidae, Hemerobiidae) naturally occurring in agroeco- 
systems in Northern France 

8.50 

New, T.: Prospects of extending use of Australian lacewings 
in biological control 

9.10 

Thierry, D., Rat-Morris, E., Caldumbide, C.: Preliminary data 
on the efficiency of artifical overwintering chambers for the 
inembers of the Chrysoperla carnea complex (Neuroptera, 
Chrysopidae) 

10.00-12.15 

Session 6 — Chair persons: Mansell, M. & Thierry, O. 

10.00 

Aspock, H.: Osmylidae: Illustrations in the eaiiy entomologi- 
cal 1 iterature and the discovery of early srages and clarifica- 
tion of the biology 

10.40 

Flint, O.: List of the primary Neuroptera types in the collec- 
tion of the National Museum of Natural History, Smithonian 
InstitLition, USA 

1 1.00 

Pantaleoni, R., Letardi, A.: What is the real name of the Ital- 

11.15 

1 1.35 

ian ascalaphid ? 

Whittington, A.: Resources in Scottish neuropterology 
Oswald, J.: Biological informatics in neuropterology 

12.10-13.30 

Lunch time 

13.30-15.30 

Round table discussion on current and further projects and re- 
search themes 

Chairperson: Aspock, H. 

15.45-18.00 

Meeting of the Association and Closing of the symposium 

19.00 

Congress dinner 


Thursday, Augiist 10 

8.45 Departure for the post congress tour 


Acta zool. himft. 4S (Suppi 2). 2002 




PARTICIPANTS 


413 


PARTICIPANTS 
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Participants of the Seventh International Symposium on Neuropterology (from left to right): 
Dominique Thierry, Cesar Carvalho, Dusan Devetak, Alinaghi Mirmoayedi, Michel Canard, Saska 
Lipovsek, Herbert Holzel, Andrew Whittington, Martin Meinander, Andras Bozsik, Mervyn 
Mansell, Maria Mateus Ventura (hidden), Ulrike Aspdck, Wieland Rochricht, Horst Aspock, Alexi 
Popov, Gyorgy Sziraki, Peter Ohm, Agostino Letardi, Timothy New, Sayed EI Arnaouty, Robert 
Giisten, Oliver Flint, Andre Prost, Ferenc Szentkiralyi, John Oswald, Peter Duelli, Mihaela Paulian 
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Abalolcon dorsalis 96 
Acanthaclisis 380 
Acanthaclisis baclica 279-280, 380 
Acanthaclisis occilanica 107-108, 152-153, 
200, 278, 311, 313, 317, 322, 325-329, 
348, 381 

Acanthaclisis pallida 381 
Acheron 377 
Acheron trux 377 

Adelphohemerobiiis enigmarainus 94 

Aegeoraphidia 37 

Africoraphidia 38,41 

Afroclimacius dumontiniis 120 

Agrionosoma 377 

Agrionosoina dohrni 377 

Agrionosoma swinhoei 377 

Agulla (Agiilla) bractea 97 

Agulla (Agulla) modesta 97 

Agulla (Agulla) neglecta 97 

Agulla (Cilavia) modesta modesta 97 

Agulla 39, 41, 376 

Agulla bicolor 41 

AlataiK^raphidia 39,41 

Alena (A/.tecoraphidia) 97 

Alena 39, 41, 43, 45 

Aleuropleryx arceuthobii 93 

Aleuropteryx loewii 161, 281,286-287 

Aleuropteryx vulgaris 93 

Allemerobius llaveolus 94 

Allochrysa titan 93 

Allocormodes 377 

Allocormodes intractabilis 377 

Allocormodes kolbei 377 

Allocormodes maculipennis 377 

Ameromyia 381 

Ameromyia muralii 381 

Ameropterus 377 

Ameropterus delicatulus 377 

Amurinocellia 39 

Anapochrysa voell/kowi 123, 231, 247 
Ancylopteryx alluaudi 232 
Ancylopteryx delicata 232 
Anisochrysa Mavifrons 53, 199 


Anisochrysa prasina 53, 265 
Anisochrysa ventralis 53 
Ankylopteryx 223 
Ankylopteryx buetticoferi 123 
Ankylopteryx collaris 123 
Ankylopteryx fastuosa 123 
Ankylopteryx alluaudi 123, 232, 246, 248 
Ankylopteryx grata 232 
Ankylopteryx modesta 123 
Ankylopteryx nepheloptera 123 
Ankylopteryx octomaculata 223 
Ankylopteryx oveiiaeti 123 
Ankylopteryx pallidula 123, 136,232-233, 
245, 247 

Ankylopteryx pellucida 232 

Ankylopteryx pusilla 123, 135 

Ankylopteryx splendidissima 125 

Ankylopteryx tanana 123, 230, 232, 246 

Ankylopteryx venusta 136 

Annandalia irregularis 94 

Annandalia maculosa 94 

Anomalochrysa 396 

Apertochrysa 124, 235 

Apertochrysa edwardsi 210 

Apei1ochi-ysa eurydera 124, 235, 247-248, 250 

Apertochrysa umbrosa 124 

Apochrysa leptalea 123, 135 

Apochrysa wagneri 123 

Araucaleon inca 96 

Archichauliodes 376 

Archichauliodes pinares 9l 

Archichauloides dubitatus 376 

Ascalaphus 258, 377 

Ascalaphus abdominalis 377 

Ascalaphus aethiopicus 377 

Ascalaphus barbarus 255, 258-259 

Ascalaphus dicax 377 

Ascalaphus festivus 377 

Ascalaphus ictericus 258 

Ascalaphus italicus 253-256, 258, 260-264 

Ascalaphus lacteus 256 

Ascalaphus latinus 256, 260 

Ascalaphus meridionalis 253, 256, 258, 260 
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Ascalaphus pctagnac 254,256, 260-261 
Ascalaphus sinister 341,344-345, 348 
Ascalaphus worlhingtoni 377 
Ascalobias microcerus 377 
Ascalobyas 377 
Ascalohybris 224, 377 
Ascalohybris borneensis 377 
Ascalohybris javana 377 
Ascalohybris subjacens 377 
Ascalorphne impavidus 377 
Ascalorphne 377 
A s e rb e i d s h a no raph i d i a 38 
Atlantochrysa 378 
Atlantochrysa atlantica 378 
Atlantoraphidia 38, 41, 376 
Atlantoraphidia maculicollis 156, 376 
Austrogymnocnemia 224 
Austromegalomus insulanus 95 
A/tckorai^iidia 39 
Balanopteryx 377 
Balanopteryx locuples 377 
Bank i sus 381 
Bankisus carinifrons 381 
Banksius oculatus 381 
Banyutus 381 
Banyutus indictis 381 
Banyutus lethalis 381 
Banyutus Icucospilos 381 
Banyutus roscostigma 381 
Banyutus verendus 381 
Berchmansus 93 
Bidesmida morrisoni 93 
Borniochrysa 124 

Borniochi-ysa sciuamosa 124, 235-236, 245, 247 
Brachynemurus 381 
Brachynemurus barberi 96 
Brachynemurus brunnetis 96 
Brachynemurus coquilletti 96 
Brachynemurus currici 96 
Brachynemurus dclicatulus 96 
Brachynemurus ferox 96, 381 
Brachynemurus htibbardii 96 
Brachynemurus hubbardii nubcctilipennis 96 
Brachynemurus intermedius 96 
Brachynemurus irregularis 96 
Brachynemurus mexicantim 381 
Brachynemurus niger 96 
Brachynemurus papago 96 


Brachynemurus pusillus 96 
Brachynemurus quadri punctatus 96 
Brachynemurus schwarzi 96 
Brachynemurus singularis 96 
Brachynemurus yavapai 96 
Brauerobitis 380 
Brevibarbis 377 
Brevibarbis argyropterus 377 
Brinckochrysa 125 
Brinckochrysa 93, 125, 130, 235 
Brinckochrysa alficrii 125, 130 
Brinckochrysa antennalis 125 
Brinckochrysa beniensis 125 
Brinckochrysa chlorosoma 125, 136 
Brinckochrysa dccaryclla 235 
Brinckochrysa goniophora 235 
Brinckochrysa latita 125, 136, 235-236, 247- 
248 

Brinckochrysa notabilis 125 

Brinckochrysa plagata 125, 130 

Brinckochrysa pulchella 125, 136, 236, 247 

Brinckochrysa stenoptera 125, 237, 247 

Brinckochrysa tjederi 136 

Btibopsis 377 

Btibopsis agrioides 377 

Btibopsis andromache lliytizae 341, 344-345 , 348 

Btibopsis hamata 92, 377 

Bubopsis hamatus 200 

Btibopsis tancrci 377 

Bul langa 96 

Bureschiella 38 

Californoraphidia 39 

Callistolcon 225 

Callistoleon erythrocephalus 381 

Campanacella 222 

Campestretus 381 

Campestretus extraneus 381 

Capophanes conspersa 96 

Caucasoraphidia 37 

Centrochlysis brachygaster 381 

Centroclisis 381 

Centroclisis cervina 103, 105, 111, 114, 119, 381 

Centroclisis distincta 381 

Centroclisis lineata 381 

Centroclisis lincatipennis 381 

Centroclisis malitiosa 381 

Centroclisis punctulata 103, 105-108, 111,115 

Centroclisis punctulata 381 
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Ccntroclisis rufescens 381 

Centroclisisi felina 381 

Cenlroclysis vitanda 381 

Ceraeochrysa 93, 125, 303, 378, 395, 397 

Ceraeochrysa claveri 93 

Ceralochrysa antica 122, 125, 137,237, 

247, 250 

Ceralochrysa ceratina 125, 135 
Ceralochrysa disparilis 125, 237, 246 
Chactoleon 96 
Chauliodes angusticollis 91 
Chaiiliodes 376 
Chauloides peclinicornis 376 
Chloronia 92, 393 
Chloronia absona 91 
Chloronia anlilliensis 91 
Chloronia gloriosoi 91 
Chloronia mirifica 91 
Chrysacanlhia 123 
Chrysacanlhia varicella 123, 232, 246 
Chrysaloysia 123 
Chrysaloysia soinalica 123, 128 
Chrysemosa 125 
Chrysemosa commixta 125, 136 
Chrysemosa jeanneli 125 
Chrysemosa mosconica 125, 128-129 
Chrysemosa parva 125, 133 
Chrysemosa piresi 125, 129 
Chrysemosa senegalensis 125 
Chrysemosa stigmata 125 
Cdirysemosa umbralis 125, 237-238, 247, 249 
Chrysocerca 125 
Chrysocerca nigrivultosa 125 
Chrysopa (Anisochrysa) boninensis 244 
Chrysopa (Anisochrysa) bourgeonina 242 
Chrysopa (Anisochrysa) hamata 240 
Chrysopa (Anisochrysa) handschini 241 
Chrysopa (Anisochrysa) luaboensis 241 
Chrysopa (Anisochrysa) sjoesledli 242 
Chrysopa (Anisochrysa) ventralis 265 
Chrysopa (Brinckochrysa) michaelseni 235 
Chrysopa (Brinckochrysa) slenoptera 237 
Chrysopa (Suarius) squamosa 235 
Chrysopa 25, 303, 305-306, 365, 367, 378, 
395 

Chrysopa abbreviata 53-54, 58-59, 335, 
337, 378, 404 
Chrysopa acutella 238 


Chrysopa adoina 93 
Chrysopa alba 54 
Chrysopa alethes 93 
Chrysopa al fieri i 93 
Chrysopa antica 237 
Chrysopa atomalis 242 
Chrysopa boninensis 243 
Chrysopa bourgeonina 242 
Chrysopa brevicollis 229, 237 
Chrysopa californica 93 
Chrysopa chione 93 

Chrysopa commata 276, 281,283-284, 366-367 

Chrysopa congrua 211,238, 230 

Chrysopa crassinervis 235 

Chrysopa dasyptera 267, 281, 288-289 

Chrysopa dccaryana 239 

Chrysopa desjardinsi 243 

Chrysopa diploa 239 

Chrysopa dorsalis 53-54, 58-59, 72, 83, 

151,276, 289, 404 
Chrysopa dubitans 267 
Chrysopa duplicata 239 
Chrysopa eurydera 235 
Chrysopa Oava 54 
Chrysopa llaviceps 378 
Chrysopa I1avi frons 54 
Chrysopa Havostigma 243 
Chrysopa formosa 53-54, 58-59, 69-70, 72, 
271, 274, 281, 283-2K4 
Chrysopa fratercula 93 
Chrysopa goniophora 235 
Chrysopa grahami 93 
Chrysopa handschini 241 
Chrysopa hummeli 287 
Chrysopa ictericus 235 
Chrysopa inaequalis 237 
Chrysopa inclinata 243 
Chrysopa incompleta 378 
Chrysopa incongrua 241 
Chrysopa insulata 231,239 
Chrysopa lauta 230, 235 
Chrysopa litorosa 245 
Chrysopa madegassa 235 
Chrysopa rnauricianus 229 
Chrysopa meriani 245 
Chrysopa nesaea 237 
Chrysopa nicolaina 242 
C4irysopa nigricostata 276 
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Chrysopa oculata 378 

Chrysopa pallens 53-54, 57-59, 72, 83, 

119, 151, 229, 378, 404 
Chrysopa perla 53-55, 57-59, 69-70, 72, 
83, 151, 161-162, 271, 274, 361-364, 
366, 378, 404 

Chrysopa phyllochroma 53-54, 56-59, 284, 
361-364, 366-367, 378, 404 
Chrysopa prasina 54 
Chrysopa quadripunctata 378 
Chrysopa rcichardti 287 
Chrysopa rufi labris 305 
Chrysopa rutila 243 
Chrysopa schvvarzi 93 
Chrysopa scotti 245 
Chrysopa scptcmpunctata 54 
Chrysopa serrandi 243 
Chrysopa signatalis 93 
Chrysopa sjoestedti 242 
Chrysopa sobria 235 
Chrysopa slenoptera 237 
Chrysopa tenella 54 
Chrysopa umbralis 237 
Chrysopa variegata 229, 234 
Chrysopa ventralis 54 
Chrysopa viridana 69-70,72, 151-152,276, 
335, 337 

Chrysopa vittata 54 
Chrysopa vulgaris 54 
Chrysopa walkeri 151, 287-288, 404 
Chrysopeiia 61, 85-86, 125, 151, 162, 211, 
245-246, 267, 301,303-304, 364, 379 
Chrysopeiia brevicolliss 125, 237, 246, 249 
Chrysopeiia carnea 53-55, 57-59, 61-62, 
64, 75, 84-84, 86, 125, 130, 151, 159, 
161-162, 203-206, 208, 211, 267, 
302-303, 308, 351-352, 355-356, 
361-363, 366, 379, 395-397, 402, 404 
Chrysopeiia comans 125, 136 
Chrysopeiia congrua 122, 125, 136-137, 
238, 247, 250, 379 

Chrysopeiia decaryana 125, 239, 246 
Chrysopeiia externa 63, 301-308 
Chrysoperla exui 125 
Chrysopeiia insulata 125, 239, 246, 249 
Chrysopeiia kollholTi 84, 86, 203-206, 267, 
351-352, 354-356, 359, 361-363, 366 


Chrysoperla lucasina 69-70, 72, 75, 83-84, 
151, 203, 267, 335, 337, 351-352, 356, 
366-367, 404 

Chrysoperla mediterranea 61-64 
Chrysoperla nyerina 125,134 
Chrysoperla pallida 75, 83-84, 86 
Chrysopeiia plicata 125 
Chrysoperla plorabunda 93 
Chrysoperla pudica 125, 237 
Chrysoperla renoni 267 
Chrysopeiia rufilabris 64, 305, 379 
Chrysoperla sillemi 199 
Chrysopeiia volcanicola 125, 135, 239, 247, 
250 

Chrysoperla zastrowi 125, 133 
Chrysopidia 379 
Chrysopidia ciliata 83,151 
Chrysopodes (Neosuarius) collaris 93 
Chrysopodes 303, 379 
Chrysopodes nigripilosa 379 
Chrysopodes porterina 379 
Chrysotropia 383 

Chrysotropia ciliata 53-54, 58-59, 402, 404 

Cintameva alluaudi 241 

Cintameva disparilis 237 

Cintameva polyneura 239 

Clathroneuria 96 

Climacia chapini 97 

Climacia chilena 97 

Climacia doradensis 97 

Climacia insolita 97 

Climacia lemniscata 97 

Climacia striata 97 

Climacia triplehorni 97 

Climacia versicolor 97 

Coniocompsa 222 

Coniopteryx (Coniopteryx) ceylonica 93 
Coniopteryx (Coniopteryx) dominicana 93 
Coniopteryx (Coniopteryx) freytagorum 94 
Coniopteryx (Coniopteryx) inacroscapes 94 
Coniopteryx (Coniopteryx) morobensis 94 
Coniopteryx (Coniopteryx) palpalis 94 
Coniopteryx (Coniopteryx) papuensis 94 
Coniopteryx (Coniopteryx) simplicior 94 
Coniopteryx (1 loloconiopleryx) 
drammonli 199 

Coniopteryx (M.) arcuata 341-344 
Coniopteryx (M.) csbenpeterscni 343, 346 
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('oiiioplcryx (M.) Icnliac 342-343 
Coniopleryx (M.) ijedcri 342-343 
Conioptcryx (Mclaconioptcryx) 341, 343 
Coniopleryx (Mclaconioptcryx) arcuata 341, 
347 

Coniopleryx (Mclaconioptcryx) csbcnpctcrsc- 
ni 342 

Coniopleryx (Scotoconiopteryx) 
biapicata 93 

Coniopleryx (vScoloconioplcryx) llinli 93 
Coniopleryx (Scotoconiopteryx) fiimico- 
lor 94 

Coniopleryx (Scotoconiopteryx) islhmi- 
cola 94 

Coniopleryx (Xeroconioplcryx) diversi- 
cornis 93 

Coniopleryx (Xeroconioplcryx) furcala 199 
Coniopleryx (Xeroconioplcryx) lalicornis 94 
Conioptcryx (Xeroconioplcryx) latilobus 94 
Coniopleryx (Xeroconioplcryx) lalislyliis 94 
Coniopleryx (Xeroconioplcryx) manka 199 
Coniopleryx (Xeroconioplcryx) squamala 94 
Conioptcryx (Xeroconioplcryx) texana 94 
Coniopleryx (Xeroconioplcryx) virgina 94 
Coniopleryx 70, 199, 379 
Coniopleryx angusta 93 
Coniopleryx arcuata 151-152 
Coniopleryx borcalis 82, 276, 286, 379 
Coniopleryx drammonl 82, 279-280 
Conioptcryx esbcnpclcrscni 71, 82, 151, 379 
Conioptcryx liacinatica 71, 82, 286-287 
Coniopleryx hoclzcli 82, 287 
Conioptcryx Icnliac 69, 70-71, 82, 151,404 
Coniopleryx loipelsederi 277-278 
Conioptcryx pyginaea 71, 82, 161-162, 271, 
274, 286-287, 404 

Coniopleryx lineirormis 82, 151, 275, 379 
Conwcnl/.ia 275, 379 
Conwcntzia psociformis 379 
Conwcnzia pinclicola 82, 379 
Cordulecerus 377 
Corduleccrus alopccinus 377 
Cordulecerus elegans 377 
Corduleccrus surinamensis 377 
Cormodophlcbia 377 
Cormodophlcbia pulchra 377 
Corydalus 376, 393 
Corydalus affinis 376 


Corydalus arpi 91 
Corydalus australis 91 
Corydalus Hinli 92 
Corydalus imperiosus 92 
Corydalus longicornis 92 
Corydalus ncblincnsis 92 
Cosina 381 

Cosina maclachlani 381 
Crambomorpluis 176, 381, 399 
Crambomorphus sinuatus 176 
Cranbomoiphus grandidieri 381 
Crassochrysa 125 
Crassochrysa aculeata 125, 135 
Crassochrysa proxima 125, 135 
Crassochrysa somalica 125 
Crassoraphidia 37 

Crcolcon 104-107, 110, 119-120, 381 
Oeoleon acgyptiacus 107-108, 381 
Crcolcon africanus 381 
Crcolcon alternus 104-107, 120 
Crcolcon arenosus 104-107, 110-111, 120 
Crcolcon cinerascens 381 
Crcolcon decusscta 381 
Crcolcon di ana 381 
Crcolcon elegans 381 
Crcolcon griseus 381 
Crcolcon griseus 107-108, 200 
Crcolcon irroratus 120 
Crcolcon lillcralus 381 
Crcolcon lugdunensis 326 
Crcolcon morlifer 381 
Crcolcon nigrilarsis 381 
Crcolcon nubifer 381 
Crcolcon parallelus 120 
Crcolcon plumbeus 72, 141, 144-147,200, 
276, 311, 313, 317, 32(K327, 381, 405 
Crcolcon surcoufi 120 
Croce 386 
Croce alba 386 
Croce filipennis 386 
Cryplosccnca 222 
Cucta 103, 105, 107, 115, 1 19, 381 
Cucla externa 381 
Cucta klugi 381 

Cucta lincosa 103, 105-107, 111, 115, 119, 381 
Cucta minervae 382 
Cucta pallens 103, 105-107 
Cucla punctalissima 382 
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Cucta rimata 382 
Cunctochrysa 126, 379 
Cunctochrysa albolincata 53-54, 57-59, 83, 
151, 361-363 

Cunctochrysa baetica 151-152, 268 
Cunctochrysa kanncmcycri 126, 135 
Cymothales 382 
Cymothalcs ccccnlros 382 
Cymothales mirabilis 382 
Cymothales poultoni 382 
Dcleproctophylla 110,377 
Dcleproctophylla australis 377 
Dcleproctophylla australis 72, 277 
Dcleproctophylla dusmcli 377 
Dcleproctophylla gclini 377 
Dcleproctophylla variegata 377 
Del fi meus 382 
Dclfimcus intricatus 200 
Del fi meus irroratus 279-280, 385 
Dclfimcus scriptus 104-107, 110-111, 120 
Dcndrolcon 382 
Dendrolcon insolita 96 
Dcndrolcon obsoletus 382 
Dcndrolcon pantherinus 161-162, 314, 382 
Dichochrysa 126, 133,152,245-246, 265, 379 
Dichochrysa abdominalis 69-70, 72, 83, 267 
Dichochrysa alliumolens 126, 132 
Dichochrysa amscli 126, 130 
Dichochrysa arabica 126, 130 
Dichochrysa atrosparsa 126, 135 
Dichochrysa basuto 126,135 
Dichochrysa bibens 126, 132 
Dichochrysa birungana 126 
Dichochrysa calTcr 126,135 
Dichochrysa chlorclla 126 
Dichochrysa chloris 126, 132, 135 
Dichochrysa clathrata 278 
Dichochrysa collartina 126 
Dichochrysa conglana 126 
Dichochrysa decaryna 126, 239, 247 
Dichochrysa decolor 126 
Dichochrysa duplicaUt 229, 239-240, 246, 249 
Dichochrysa duplicata duplicata 126, 
239-240, 246, 250 

Dichochrysa duplicata mascarenica 126, 
239-240, 246, 249-250 
Dichochrysa duplicata polyneura 126, 239- 
240, 250 


Dichochrysa flavi frons 53-54, 56-59, 69-70, 
72, 83, 151, 278, 361-363, 379, 404 
Dichochrysa genei 379 
Dichochrysa gunvorac 126, 135 
Dichochrysa hamata 126, 136, 240, 247 
Dichochrysa handschini 126, 136, 241, 247 
Dichochrysa hospitalis 241, 246 

Dichochrysa incongrua 126, 241, 247 

Dichochrysa incrassata 126, 135 

Dichochrysa ingac 126, 135 
Dichochrysa iniqua 126 
Dichochrysa inopinata 126, 241, 246, 249 
Dichochrysa karooensis 126 
Dichochrysa kibonotensis 126, 136 
Dichochrysa luaboensis 126, 241, 247 
Dichochrysa marchionissa 126 
Dichochrysa mauriciana 126, 241, 246, 249 
Dichochrysa militaris 126, 241, 246 
Dichochrysa namibensis 126, 133 
Dichochrysa nicolaina 126, 242 247, 250 
Dichochrysa nigra 126, 129 
Dichochrysa nyassalandica 126, 136 
Dichochrysa oralis 126 
Dichochrysa pcqiallida 126, 136 

Dichochrysa pervenosa 126, 136 

Dichochrysa picteti 152 
Dichochrysa prasina 53-54, 56-59, 83, 152, 
267, 286, 334-337, 379, 404 
Dichochrysa pulchrina 126, 136 
Dichochrysa raedarii 126, 242, 246 
Dichochrysa rothschildi 126 
Dichochrysa rubicunda 126 
Dichochrysa rubra 127 
Dichochrysa sansibarica 127, 134 
Dichochrysa setosa 93, 127, 242, 247 
Dichochrysa sjoestedti 122, 127, 135, 137, 
242, 247 250 

Dichochrysa spadix 127,130 
Dichochrysa spissinervis 127, 136 
Dichochrysa tacta 127, 131, 133 
Dichochrysa teiresias 127, 129 
Dichochrysa varians 127 
Dichochrysa venosa 379 
Dichochrysa venosclla 127, 136 
Dichochrysa ventralis 53, 57-59, 83, 152, 
269, 404 

Dichochrysa zelleri 69-70, 72, 277-278 
Dichochrysa zulu 127,136 
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Dichrostigma 37, 43, 376 
Dichrosligiiia Havipes 156, 329, 334-337, 
339, 376 

Dicolopiis volucris 377 

Dicolpiis 377 

Diclocrocc 3S6 

Diclocrocc clcgaiis 3S6 

Diclocrocc maxima 200 

Diclocrocc pcrsica 3S6 

Diclocrocc varliaiiac 200 

Dilar 380 

Di lar kirgisiis 199 

Dilar meridionalis 379 

Dilar parlhcnopaciis 157, 398 

Dilar turcicus 271, 277 

Dimarclla 382 

Dimarclla praedator 382 

Disparomitus 377 

Disparomilus citernii 377 

Disparomitus horvathi 377 

Disparomitus longus 377 

Disparomitus transvaalicnsis 377 

Distolcon 104-108,1 10-112, I 19-120, 382 

Distolcon annulatus 104, 1 12, 120, 382 

Distolcon bistrigatus 382 

Distolcon boninensis 96 

Distolcon canaliensis 382 

Distolcon crampcli 382 

Distolcon curdicus 382 

Distolcon gafsanus 120 

Distolcon ilionc 382 

Distolcon laticollis 382 

I^istolcon lynx 382 

Distolcon perlatus 382 

[distolcon pictiventris 382 

Distolcon quinciucmaculatus 382 

Distolcon sanguinolentus 382 

Distolcon somnolentus 382 

Distolcon tctragrammicus 72, 104-107, 

I 1-1 12, 200, 31 1, 313, 316, 319-321, 
323-325, 327, 382 
Distolcon zonarius 382 
Dixonotus 377 
Dixonotus vansomereni 377 
Drcapanacra binocula 381 
Drcpanacra 380 

Drcpanacra binocula 210-211, 214 
Drepanepteryx 380 


Drcpancplcryx algida 82, 287-288 
Drepanepteryx phalacnoidcs 82, 161, 
334-335, 337-338, 380 
Dysochrysa 123 
Dysochrysa furcata 123 
lichthromyrmcx 224,382 
Ixhtromyrmcx insularis 382 
lincyoposis 377 
luicyoposis bilincatus 377 
luicyoposis hcmichroa 377 
lipacantliaclisis banksi 96 
Rremophanes 377 
b>cmophancs bicristatus 377 
Duci i macia 222 
lAimanlispa 222 
Duro Icon 382 

Durolcon nostras 69, 72, 83, 1 13, 161-162, 
276, 286-287, 311,313,317, 320, 
323-327, 382, 405 
lixatolcon obtabilis 169 
1^'adrina 103, 105-108, 111, 119 
l^^adrina formosa 111, 119 
Fadrina nigra 119 
I^idrina rufa 119 
Incine rus 382 
Fcincrus umbratus 382 
Ixrganorapliidia 38 
labia 39, 44, 376 
labia maclachlani 156, 376 
Formosoraphidia 38 
iTanciscoraphidia 39 
Froggattisca 382 
FYoggattisca longula 382 
lYoggattisca pulchella 382 
Galapagolcon 382 
Cialapagolcon darwini 382 
Gandulus 382 
Ganguilus 382 

Ganguilus pallescens 104-107, 111, 120 

Ganguilus pallescens 382 

Gatzara 382 

Gatzara Jubilaca 382 

Gcpclla 382 

Gcpclla modesta 382 

Gepus 382 

Gepus buxtoni 382 

Gepus curvatus 382 

Gepus invisus 103-107, 111, 362 
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Gcpus tersus 103, 105, 107-108 
Gcpus variegatus 382 
Geyria 382 

Geyria lepidula 104-106, 108, 111, 113-114, 
119, 382 

Geyria saharica 104-107, 111, 326 
Glavia 39 

Glenochrysa 127, 223, 379 
Glenochrysa conradina 122, 127-128 
Glenochrysa insularis 229, 242-243, 249 
Glenochrysa insularis grancomorensis 127, 
243, 246, 249 

Glenochrysa insularis insularis 127, 
242-243, 246, 249 

Glenochrysa insularis mayottensis 127, 
242-243, 246, 249 
Glenochrysa principissa 136 
Glenochrysa typica 379 
Glenochrysa varicella 127, 232 
Glenolcon 224, 382 
Glcnoleon dissolutus 382 
Glenolcon pulchellus 382 
Glcnuroidcs 382 
Glcnuroidcs Japonicus 382 
Glenurus 382 
Glyptobasis 377 
Glyptobasis dentifera 377 
Gnopholeon 96 
Golafrus 399 
Golarphus oneili 176-177 
Gon/aga 379 
Gonzaga nigriceps 379 
Graccoraphidia 37 
Grocus borc 400 
Gymnocnemia 382 
Gymnocnemia variegata 382 
Gymnolcon 383 
Gymnoleon dentatus 383 
Gymnolcon exilis 383 
llagenomyia 224,383 
1 lagenomyia guttata 383 
llagenomyia imperator 383 
llagenomyia punctata 383 
llagenomyia sagax 383 
1 lagenomyia scyrigi 383 
I laller 386 
Haltcr halteratus 386 
Hallcrina pulchella 169 


Haltcrina purcclli 169 

Harraphidia 38,41 

Helicoconis aptera 277 

Helicoconis hirlincrvis 281, 286-287, 289 

Helicoconis lutea 275, 286 

Helicoconis pseudolulca 151 

Helicomitus 224 

Hemerobius 94, 211, 223, 225, 380 
Hemerobius atri frons 82, 380 
Hemerobius barberi 95 
Hemerobius bispinus 95 
Hemerobius bistrigalus 95 
Hemerobius caudei 1 i 95 
Hemerobius chiangi 95 
Hemerobius chilensis 95 
Hemerobius chrysops 16 
Hemerobius conjunctus 95 
Hemerobius contumax 380 
Hemerobius dyari 95 
Hemerobius eatoni 380 
Hemerobius exceptatus 95 
Hemerobius fenestratus 82, 380 
Hemerobius fulviccphalus 16, 18 
Hemerobius gilvus 69-71,82, 151, 380, 404 
Hemerobius glacialis 95 
Hemerobius grahami 95 
Hemerobius handschini 82, 151, 161 
Hemerobius humulinus 69-71, 82,151-152, 
161, 275, 334-335, 337, 362-363, 380, 
404 

Hemerobius kokanccanus 95 
Hemerobius kootenaycnsis 95 
Hemerobius laurifoliaeformis 16 
Hemerobius lutescens 82, 162, 361-364, 

405, 380 

Hemerobius maculatus 16 
Hemerobius marginatus 82, 161-162, 335, 
337, 380 

Hemerobius micans 69-71,82, 151, 161-162, 
329, 334-335, 337, 339, 380, 405 
Hemerobius neadclphus 95 
Hemerobius nckoi 95 
Hemerobius nitidulus 82, 151, 286, 380, 405 
Hemerobius pacificus 95 
Hemerobius pallescens 95 
Hemerobius perelegans 82, 287, 380 
Hemerobius phalcnoidcs 16 
Hemerobius pini 82, 274-275, 380 
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Icmcrobius pinidiimus 95 
Icmcrobius schedii 276 
Icmcrobius schwarzi 95 
Icmcrobius simulans 281, 287, 380 
Icmcrobius solidarius 95 
Icmcrobius stigma 82,95, 151,380 
Icmcrobius umbratus 95 
Icmcrobius zernyi 271,277-278 
Icmiscmidalis 273 
Icmiscmidalis pallida 199 
Icoclisis fulvi fusa 383 
Icoclisis fundata 383 
Icoclisis louiscac 387 
Icoclisis 383 
Ictcroconis 221,225 
Ictcroconis axcli 220 
Ictcroconis papuaensis 94 
lispanoraphidia 38,41,45 
lypochrysa elegans 53-54, 58-59, 82-83, 
152, 281, 287 
lypochrysa nobilis 54 
lypochrysa viridula 93 
driccrus 224, 377 

driccrus sogdianus 345, 346-348, 377 

ncascrnidalis chilensis 94 

ndianoinoccllia 39 

ndophanes sinensis 96 

noccllia 39, 45, 376 

noccllia crassicornis 156, 288, 376 

ranoraphidia 38 

sosccliptcron fulvum 271, 277-278 
sosccliptcron nicobaricum 220 
talochrysa 51,123, 223, 234, 379 
talochrysa amplipcnnis 123, 135 
talochrysa asirensis 123 
talochrysa bimaculata 130 
talochrysa boucti 123, 233, 246 
talochrysa burgeoni 123 
talochrysa exilis 123, 135 
talochrysa falcata 123, 135 
talochrysa fulvicornis 124, 135 
talochrysa gigantea 124, 135 
talochrysa gucrini 124 
talochrysa impar 124, 136 
talochrysa italica 72, 278-279 
talochrysa limbata 124, 234, 246 
talochrysa lobini 124, 130 
talochrysa lyrata 124,135 


Italochrysa madagassa 93, 124, 234, 246 
Italochrysa mozambica 124, 135 
Italochrysa neurodes 124 
Italochrysa nossibensis 124, 234, 246 
Italochrysa oberthuri 379 
Italochrysa okavangocnsis 124, 132 
Italochrysa pcringucyi 124,136 
Italochrysa pittawayi 124, 130 
Italochrysa rufostigma 124, 135 
Italochrysa sectoria 124 
Italochrysa serrata 124, 132 
Italochrysa similis 124 
Italochrysa sordidata 234 
Italochrysa stigmalis 124 
Italochrysa temerata 124 
Italochrysa tumeri 124,133 
Italochrysa variegata 124, 136, 234, 247, 
249,379 

Italochrysa vartianorum 199 
Italochrysa zulu 124, 134, 136 
Italoraphidia 38 
Italoraphidia solarina 156 
Jaya 384 
Jaya dasymalla 383 
Joguina 223 
Josandreva 386 
Josandreva sazi 386 
Josandreva spuria 386 
Kasachoraphidia 39 
Kcmpynus 386 
Kcmpynus citrinus 386 
Kcmpynus digoniostigma 97 
Kcmpynus incisus 386 
Kcmpynus tjcdcri 97 
Kimminsia 380 
Kimminsia alcxandcri 95 
Kimminsia constricta 95 
Kimminsia mclalcuca 95 
Kimminsia olympica 95 
Kimochrysa africana 123, 135 
Kimochrysa impar 123, 135 
Kimochrysa raphidioides 123, 135 
Kirgisoraphidia 38 
Klapaickus 383 
Klapaickus nubilatus 383 
Kostka 223 
Lachlathctcs 383, 399 
l.achlathctcs chiangi 383 
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Lachlathctcs mocslus 176, 383 

Lainius 379 

Lainius conslcllalus 379 

Layahima 383 

Layahima nebulosa 383 

Lcitha 386 

Lertha barbara 386 

Lcrlha cxlcnsa 386 

Lcrlha Icdcrcri 386 

Lcrlha soli ac 297 

Leucochrysa (Noclita) 93 

Leucochrysa 379, 397 

Leucochrysa azevcdoi 379 

Leucochrysa cinclipes 93 

Leucochrysa clara 379 

Leucochrysa insularis 379 

l.eucochrysa marginata 234 

Leucochrysa mullipunclala 232 

Leucochrysa oclopunclata 232 

Leucochrysa postica 379 

Leucochrysa varia 379 

Leucochrysa vocit/kowi 229, 231 

Libelloidcs 256, 377 

Libelloidcs baeticus 377 

Libelloidcs coccajus 152, 253-254, 258-263 

Libelloidcs hispanicus 377 

Libelloidcs ictericus 110, 378 

Libelloidcs ilalicus 152, 253, 260, 378 

Libelloidcs latinus 253, 261 

LJbclloidcs longicornis 152, 259, 378 

Libelloidcs macaronius 72, 162, 276, 378 

Libelloidcs macaronius macaronius 161 

Ubclloidcs otlomanus 152, 256, 259, 280 

l.ibclloides otlomanus 378 

Libelloidcs ramburi 378 

Libelloidcs rhomboideus 378 

Libelloidcs sibiricus 348 

Lomamyia 378, 398 

Lomamyia banksi 378 

Lopezus 383 

Lopezus arabicLis 103-105, 111-112, 119 
Lopezus fcdlschcnkoi 112 
Lopezus fcdtschcnkoi 383 
Macrolcon 383 
Macrolcon lynccus 383 
Macrolcon polyzonus 383 
Macrolcon validus 383 
Macronemurus 119, 383 


Macronemurus appcndiculalLis 72, 107-108, 
326, 383 

Macronemurus bilineatus 383 
Macronemurus dclicalulus 383 
Macronemurus cleganlulus 104-108, 1 1 L 
326, 383 

Macronemurus euanlhe 383 
Macronemurus linearis 383 
Macronemurus persicus 200 
Macronemurus striolus 383 
Madachrysa scyrigi 234 
Magnoraphidia 37 
Magnoraphidia major 156 
Mallada (Triadochrysa) triangularis 93 
Mallada 127,242,379 
Mallada basalis 211 
Mallada boninensis 244 
Mallada dccaryna 239 
Mallada decarynus 239 
Mallada desjardinsi 122, 127, 136-137, 
243-244, 247-248, 250 
Mallada diploa 239 
Mallada duplicata 239 
Mallada hamatus 240-241 
Mallada handschini 241 
Mallada incongrua 241 
Mallada incongruus 241 
Mallada luaboensis 241 
Mallada mauricianus 241 
Mallada meloni 127 
Mallada nicolaninus 242 
Mallada piclcli 379 
Mallada polyncurus 240 
Mallada puncti labris 379 
Mallada signatus 209-214 
Mallada sjocstedti 242 
Mallada subcostalis 379 
Mallada lraviatus 211 
Mantispa 380 

Mantispa aphavcxcllc 200, 276, 279-280 
Mantispa grandis 380 
Mantispa nana 380 
Mantispa peri a 402, 405 
Mantispa styriaca 71, 151, 153, 161-162, 
200, 380, 398 
Mantispa viridis 380 
Maracanda 387 
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Maracanda lincala 103-107, lOS, 111, 
113-114, 326, 3S3 
Maiiroraphidia 3S, 44 
Mcgaloimis 95, 380 
Megalomiis darvvini 380 
Mcgaloniiis fidelis 380 
Megalomiis hirtus 151-152, 287, 380 
Megalomiis latus 95 
Megalomus moestus 95 
Megalomiis pyraloides 151-152 
Megalomus liiieoides 151-152 
Megalomus tortricoides 151 
Megistopus 383 

Megistopus Havicornis 311,313, 3 15, 318, 
320, 323-325, 327, 383 
Meleoma 93 
Meleoma macleodi 93 
Meleoma pipai 93 
Mesonemurus 383 

Mesonemurus harterti 96, 104-105, 383 
Mesonemurus steineri 383 
Metaconiopteryx 341-342, 344, 347, 379 
Mexicoraphidia 39 
Mexoleon 96 
Micromus 362, 380, 397 
Micromus angulatus 82, 161,363-364,380, 
405 

Micromus lanosus 380, 405 
Micromus paganus 151, 271, 380 
Micromus posticus 380 
Micromus tasmaniae 209-214 
Micromus timidus 211, 223 
Micromus variegatus 82, 161,359,362-364, 
380, 405^ 

Microraphidia 37 
Mimetispa 222 
Mongoloraphidia 38 
Mossega 383 
Mossega indecisa 383 
Mossega waidoraensis 96 
Mucroberotlia 378 
Mucroberotha nigrescens 378 
Myrmecaelurus 108, 115, 1 19, 200, 383 
Myrmecaelurus acerbus 383 
Myrmecaelurus atomarius 383 
Myrmecaelurus lachlani 103, 105-107, 111, 
115, 1 19 

Myrmecaelurus lachlani 1 19 


Myrmecaelurus laetus 119 
Myrmecaelurus lobatus 383 
Myrmecaelurus major 383 
Myrmecaelurus medius 103, 105, 115, 119, 
383 

Myrmecaelurus persicus 383 
Myrmecaelurus peterseni 383 
Myrmecaelurus punctulatus 383 
Myrmecaelurus quedenfeldti 1 19 
Myrmecaelurus subcostalus 383 
Myrmecaelurus tabarinus 1 19 
Myrmecaelurus trigrammus 119, 141-143, 
145-146, 276, 311, 313, 316, 319-325, 
327, 383, 405 
Myrmecaelurus tristis 383 
Myrmecaelurus varians 383 
Myrmecaelurus /igan 313, 383 
Myrmecalurus spectabilis 385 
Myrmekeon immaculatus 384 
Myrmeleon bore 320 
Myrmeleon 1 15, 120, 383, 399 
Myrmeleon acer 224, 383 
Myrmeleon alternans 383 
Myrmeleon atrox 383 
Myrmeleon barbarus 258 
Myrmeleon bore 285, 399 
Myrmeleon brasiliensis 383 
Myrmeleon celebensis 383 
Myrmeleon circumcinctus 383 
Myrmeleon croceicollis 383 
Myrmeleon crudelis 383 
Myrmeleon doralice 384 
Myrmeleon exitialis 96 
Myrmeleon fasciatus 104-108, 1 10 
Myrmeleon formicarius 152, 271, 274, 311, 
313, 315, 318, 320, 323-327, 384 
Myrmeleon hyalinus 103, 105-107, 

111-112, 115, 384 

Myrmeleon immaculatus occidentalis 96 
Myrmeleon inconspicuus 311, 313, 316, 

319, 321-325, 384, 405 
Myrmeleon lentus 384 
Myrmeleon lethifer 384 
Myrmeleon longicorne 258 
Myrmeleon noacki 277 
Myrmeleon obscurus 384 
Myrmeleon perpilosus 384 
Myrmeleon picti frons 384 
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Myrmeleon picturatus 384 

Myrmcleon pseudolasciatus 104-108, 110, 120 

Myrmeleon saevus 384 

Myrmeleon tenuipcnnis 384 

Myrmeleon torquatus 384 

Myrmeleon trivialis 384 

Myrmenemurus clavatus 96 

Nacarina 93 

N ad LIS 384 

Nadus sLidanensis 384 

N an no Icon 384 

Ncda decaryclla 235 

Ncda pictella 235 

Nedrolcdon anatolicus 271, 277-278 

Negha 39 

Neleoma 384 

Nemcura 386 

Ncmcura glauningi 386 

Nemcura gracilis 386 

Ncmia 399 

Nemoleon 384 

Nemoleon alcidicac 384 

Nemoleon filiformis 384 

Nemoleon latens 384 

Nemoleon notatus 384 

Nemopistha 386 

Nemopistha imperatrix 386 

Nemopistha togonica 386 

Nemoptera 296-298, 386 

Nemoptera acgyptiaca 386 

Nemoptera bipennis 293-294, 297, 386 

Nemoptera coa 293, 298, 386 

Nemoptera sinuata 293-295, 297-298, 386 

Ncmoptcrclla 399 

Ncochauliodes 376 

Ncochauloides sinenis 376 

Ncoconis 94 

Ncoconis bispina 94 

Ncoconis dentata 94 

Ncoconis inexpectata 94 

Ncoconis marginata 94 

Ncoconis unicornis 94 

Neohaploglenius 378 

Neohaploglenius llavicornis 378 

Neohermes 91 

Neohermes infuscatus 92 

Neohermes matheri 92 

Neomartynoviella 39 


Neoscmidalis (Leucoscmidalis) furcifera 94 

Ncosemidalis (Neoscmidalis) brevipennis 94 

Neoscmidalis 222 

Ncosuarius 379 

Nephoneura costalis 378 

Nesochrysa 124 

Nesochrysa grandidieri 124, 234, 246 

Nesochrysa illota 124,135 

Nesochrysa macrostigma 124 

Nesochrysa marginata 124, 234, 246 

Nesochrysa marginicollis 124, 134 

Nesochrysa rubcola 124,135 

Nesochrysa ruficeps 124, 135 

Nesochrysa varicella 232 

Nesochrysa virgata 124,135 

Nesoleon 384 

Nesolcon boschimanus 384 

Nesoleon trivirgatus 384 

Neurhermes 376 

Neurohermes macalipennis 376 

Ncurolcon 104-105, 119-120, 384 

Ncuroleon arenarius 384 

Ncuroleon basilincatus 384 

Ncurolcon canariensis 384 

Ncuroleon dianae 200 

Ncurolcon dumontinus 104-107, 113, 120 

Neurolcon egenus 326, 384 

Neuroleon junior 384 

Neurolcon Icptalcus 104-105, 107, 388 

Neurolcon limbatellus 384 

Ncuroleon longipennis 384 

Neuroleon microstenus 384 

Neurolcon nemausiensis 314, 384 

Neurolcon numidus 104-105, 111, 120 

Ncurolcon ocreatus 384 

Neurolcon parvus 384 

Ncurolcon taifensis 384 

Ncurolcon tenellus 104-107, 384 

Ncuroleon torridus 384 

Neuromus pallidus 92 

Neuronema similis 95 

Ncvromus 376 

Nevromus testaceus 376 

Ncvrorthus 386 

Nevrorthus apatclios 279-280 

Ncvrorthus fallax 386 

Nevrorthus iridipennis 386 

Nicarinus poecilopterus 276 
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Nigronia 376 
Nigroiiia fasciata 376 
Nigroraphiclia 38 
Nimboa asadcva 199 
Ni neta 379 

Nincta (lava 53-54, 56-59, 69-70, 83, 152, 
335, 337, 379, 404 
Nincta gudarramensis 404 
Nincta inpiinctata 268, 287, 289 
Nincta pallida 53, 57-59, 83, 281, 284, 
286-287, 329, 334-339 
Nincta principiac 404 
Nincta vittata 53-54, 58-59, 83, 285 
Noalcon limbatcllus 120 
Nobiliiuis 223 

Nodalia (Nodalia) saharica 92 
Nodalia 92 
Nodalia acgyptiaca 92 
Nodita 379 
Nodita panamana 93 
Nohovciis 119, 384 
Nohovciis atri frons 384 
Nohovciis lepidus 103, 105-107, 112, 119 
Nohovciis lepidus 384 
Nohovciis palpalis 103, 105, 111, 115, 119 
Nohovciis punctulatus 311,313,315,318, 
320-325, 327 

Nomerobius cuspidatus 95 
Nophis 384 

Nophis tcillardi 103, 105, 107-108, 111,115 
Nophus tcillardi 384 
Nosa 384 
Nosa tigris 384 
Nosa tristis 384 
Notherobius 223 
Nothochauliodes penai 92 
Nothochrysa 379 
Nothochrysa boucti 233 
Nothochrysa capitata 53-54, 58-59, 276, 
287, 379 

Nothochrysa cornuta 234 
Nothochrysa cruciata 233 
Nothochrysa fulviccps 53-54, 58-59, 78, 
83-84, 287, 379, 404 
Nothochrysa limbata 234 
Nothochrysa nossibensis 234 
Nothochrysa sordidata 234 
Nothochrysa variegata 234 


Notiobiclla 223 
Nymphes 386 

Nymphes myrmclconoidcs 390 
Ogeogaster 378 
Ogeogaster segmentator 378 
Ogeogaster tessellata 378 
Ohmclla 38, 41 
Oligochrysa vocltzkowi 231 
Ornatoraphidia 38, 41, 44 
Ornatoraphidia ctrusca 156 
Ornatoraphidia llavilabris 151 
Osmylops 386 
Osmylops armatus 386 
Osmylops nesos 96 
Osmylus 16, 24-25, 27, 386 
Osmylus fulviccphalus 15-17, 19, 25, 
29-31, 161-162, 281, 287, 386 
Osmylus maculatus 16 
Osmylus strigatus 25 
Osmylus taiwancnsis 97 
Oyochrysa 124 
Oyochrysa oncora 124 
Oyochrysa sanguinea 124 
Oyochrysa spadix 124 
Palmipcnna acolcoptcra 294 
Palparcllus damarensis 176, 181 
Palparcllus dubiosus 176 
Palparcllus festivus 176 
Palparcllus llavofasciatus 176, 181 
Palparcllus nyassanus 176 
Palparcllus ovampoaniis 176, 181 
Palparcllus pulchellus 176-182 
Palparcllus ulrikc 176, 178-181 
Palpares 119, 176, 384 
Palpares amitinus 388 
Palpares angustus 103, 105-107, 1 19, 384 
Palpares annulatus 176 
Palpares astutus 384 
Palpares berlandi 384 
Palpares caffer 176, 178-181,381 
Palpares campanai 176 
Palpares cataractae 384 
Palpares ccphalotes 385 
Palpares digitatus 385 
Palpares dispar 385 
Palpares clegantulus 176 
Palpares festivus 385 
Palpares Havolasciatus 385 
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Palpares fiirturaceus 385 

Palpares gattaliis 385 

Palpares geniculata 385 

Palpares germaini 103, 105, 119 

Palpares gigas 385 

Palpares gratiosus 176 

l^alparcs hildebrandli 385 

Palpares immensus 176, 181 

Palpares inclemens 176, 385 

l^alparcs incommodus 385 

Palpares kalaharensis 176 

Palpares karrooanus 176 

F^alpares klugi 385 

Palpares latipennis 385 

Palpares lentus 176 

Palpares libelloides 385 

Palpares libelluloides 72, 200, 348 

Palpares longicornis 385 

Palpares nyassanus 385 

Palpares obscuripennis 385 

Palpares obsoletus 385 

Palpares papilionoides 385 

Palpares pardaloides 385 

Palpares pardus 385 

Palpares radiatus 385 

Palpares sobriantis 176 

l^alpares sobrinus 385 

Palpares solidus 200 

Palpares solidus 385 

Palpares sparsus 176, 385 

Palpares speciosus 176, 178-182, 385, 399 

Palpares spectrum 385 

Palpares tessellatus 385 

Palpares torridus 176, 385 

F^alpares trichogastcr 385 

Palpares tristis 176 

Palpares voeltzkowi 385 

Palpares walkeri 385 

Palpares zebratus 385 

Palpari di LIS 385 

Palparidtis concinnus 385 

Pamares damarus 176 

Pamares deru 176 

Pamares nephelc 176 

Pamares parvus 176 

Pamexis 112, 181, 385 

Pamexis bifasciatus 169, 176 

Pamexis contaminatus 176 


Pamexis karoo 176-180, 182, 188 

Pamexis luteus 176-180, 182 

Pamexis luteus 385 
Pamexis namaqua 176 
Pamochrysa stellata 123, 135 
Pampoconis insulana 94 
Parachaluoides Japonicus 376 
Parachauliodes 376 
Paraconis 222 
Paraglcnurus 385 
Parainocellia 39, 44, 46 
Parainocellia bicolor 151, 156 
Parainocellia braueri 156 
Parankylopteryx 123 
Parankylopteryx maculata 123 
Parankylopteryx multipunctata 123, 232, 246 
Parankylopteryx polysticta 123, 133, 136 
Parankylopteryx speciosa 123 
Parankylopteryx tenuis 123 
Parankylopteryx watcrloti 123 
Parasemidalis 379 
Parascmidalis fuscipennis 82, 379 
Parasicyoptera 386 
Parasicyoptera guichardi 386 
Parvoraphidia 38 
Pcriclystus 224 
Pcrlamantispa pcrla 151, 153 
PcycrimholTina gracilis 83, 281, 283-284, 
335-337 

Phacostigma 37, 44, 45, 46, 51, 376 
Phacostigma galloitalica 151, 156 
Phacostigma italogallica 156 
Phacostigma notata 81, 83, 156, 286, 
334-335 
PhalascLisa 378 
Phalascusa braueri 378 
Phanoclisis 385 

Phanoclisis longicollis 103, 105-107, 111, 

1 15, 119, 385 

Platyncuromus honduranus 92 
Platyncuromus renexus 92 
Platyncuromus soror 92 
Plesiochrysa 127, 229, 245, 248, 303, 397 
Plesiochrysa litorosa 127, 245-246 
Plesiochrysa occanica 229, 245 
Plesiochrysa ramburi 210-211, 214 
Plesiochrysa scotti 127, 245-246 
Podallea tjedcri 93 


Acta zool. him^. 4H {Suppi. 2), 21)02 



INDEX OF GENERIC AND SPECIES NAMES OF NEUROPTERIDA 


429 


Polystocchotcs 3S6 
1’olyslocchotcs punctatus 386 
Pontoraphidia 37 
Pontoraphidia grandi 156 
Porismus 386 
l^)rismus strigatus 25, 390 
Proctarrclabris 378 
Proctarrclahris capensis 378 
Proctarrclabris involvens 378 
Protidriccrus 224, 378 
Protidriccrus clwcsi 341,346, 348 
Protidriccrus exitis 378 
Protobubopsis 378 
Protobubopsis braucri 378 
Protochauliodes bullocki 92 
Protochauliodes cincrasccns fumipennis 92 
Protochauliodes mininius 92 
Psammolcon sinuatus 96 
Psectra 94-95, 223, 380 
Pscctra diptera 275, 285, 288, 405 
Pseudoconis maculipennis 94 
Pscudoformicalco 224-225, 385 
Pscudoformicalco gracilis 82, 104-107,113, 
404 

Pscudoformicalco nubcculus 385 
Psychopsis 390 
Psychopsis notabilis 386 
Ptyngidriccrus 378 
Ptyngidriccrus albardanus 378 
Puncha 38, 44, 45, 46, 376 
Puncha ratzcburgi 83, 156, 335-337 
Quinemurus 112, 120, 385 
Quinemurus cinereus 120 
Raphidia 38, 44, 45, 46, 376 
Rapliidia ligurica 156 
Raphidia mediterranea 156 
Raphidia minuta 97 
Raphidia ophiopsis 156, 281, 287, 376 
Raphidia ulrkac 156 
Reisscrclla 39 
Rctipenna 93, 379 
Retipenna dasyphlcbia 379 
Rctipenna notata 379 
Scotolcon 96 
Scmidalis 69-70, 93, 379 
Scmidalis aleyrodiformis 69-71,82, 151, 
161, 379, 404 
Scmidalis brasiliensis 94 


Scmidalis ecuadoriana 94 

Scmidalis llinti 94 

Scmidalis hidalgoana 94 

Scmidalis inconspicua 94 

Scmidalis pscudouncinata 69-71 

Scmidalis vicina 379 

Sialis 80, 376, 393 

Sialis contigua 92 

Sialis drcisbachi 92 

Sialis fuliginosa 80, 150, 156, 376 

Sialis iola 376 

Sialis lutaria 80, 150, 156, 376 

Sialis nevadensis 92 

Sialis nigripes 150, 156,281,286-287 

Sialis ni na 92 

Sialis sibirica 281, 288-289 

Sialis sinensis 92 

Sialis sordida 281,289,376 

Sialis spanglcri 92 

Sicyoptera cuspidata 169 

Sicyoptera dilatata 169 

Sininoccllia 39 

Sisyra 386,402 

Sisyra brunnea 386 

Sisyra dalii 286, 289, 386 

Sisyra fuscata 286, 386, 402, 405 

Sisyra Jutlandica 285, 289 

Sisyra panama 97 

Sisyra terminalis 161-162, 386, 405 

Sisyra trilobata 97 

Sogra 385 

Sogra alInaudi 385 

Solter 385 

Solter felderi 385 

Solter hardei 385 

Solter Icdcrcri 385 

Solter liber 103, 105-107, 111, 385 

Solter virgilii 385 

Spilosmylus 222, 225 

Spinomegalomus llinti 95 

Spiroberotha sanctarosae 93 

Stenares 385 

S te nares harpyia 385 

Stenares hyaena 385 

Stenares improbus 385 

Stenares irroratus 382 

Stcnorrhachus 399 

Stcphanolasca 378 
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Slcphanolasca alficrii 92 
Stilbopteryx 378 
Stiphroneura 385 
Sliphroneiira inclusa 385 
Suarius 379 
Suarius lucasi 379 
Suarius ligridis 379 
Suarius umbralis 237 
Subilla 376 
Subilla 38, 44, 45, 46 
Subilla confinis 156, 286-287 
Subilla confinis 376 
Suhpalacsa 224, 378 
Suhpalasca abdominalis 378 
Suhpalasca lemoulti 378 
Suhpalasca principes 378 
Suhpalasca rulila 378 
Superboraphidia 37 
Suphalomitus 224, 378 
Suphalomitus buyssoni 378 
Suphalomitus cephalotes 378 
Sympherobius 95, 380 
Sympherobius amiculus 384 
Sympherobius arizonicus 95 
Sympherobius elegans 83, 335, 337, 380, 405 
Sympherobius fallax 380 
Sympherobius fuscescens 83, 271, 274-275, 
380 

Sympherobius klapalcki 83, 86, 280, 380 

Sympherobius pellucidus 83, 380 

Sympherobius pygmacus 69-71, 83, 380 

Sympherobius subncbulosus 380 

Sympherobius texanus 95 

Syngenes 385 

Syngenes arabicus 385 

Syngenes dolichocercus 385 

Tadshikoraphidia 38 

Tauroraphidia 38,44 

Thaumatosmylus 222 

Thridosmylus minor 386 

Thyridosmylus 386 

TJederiraphidia 37, 41 

Tmesibasis 378 

Tmesibasis lacerata 382 

Tmesibasis rothschildii 378 

Tomatares 385 

Tomatares citrinus 176 

Tomatares clavicornis 385 

Tomatares limonius 385 


Tomatares pardalis 386 

Tomatares striolatus 386 

Trichoscelia 380 

Trichoscelia varia 380 

Turcoraphidia 38 

Turnerochrysa 124 

Turnerochrysa mirifiea 133 

Tytomyia llinti 92 

Ulrike 38 

UlLilodes 378 

Ululodes hyalinus 378 

Ululodes maeleayana 378 

Ululodes quadripuetata 378 

Usbekoraphidia 38, 39 

Vella 386 

Vella fallax 386 

Venustoraphidia 38, 44, 46 

Venustoraphidia nigricollis 83, 156 

Vessa 386 

Vessa guttata 386 

Visca 399 

Voltor 386 

Voltor sylphis 386 

Weeleus 386 

WeelcLis acutus 386 

Wesmaelius 95, 223, 380 

Wesmaelius alexanderi 286 

Wesmaelius balticus 289 

Wesmaelius concinnus 83, 95, 380 

Wesmaelius disjunctus 286 

Wesmaelius fassindgei 83, 276 

Wesmaelius frostinus 286 

Wesmaelius malladai 273, 285, 380 

Wesmaelius mclaleuca 286 

Wesmaelius mortoni 281,287 

Wesmaelius navasi 380 

Wesmaelius nervosus 380 

Wesmaelius nervosus 83, 95, 286 

Wesmaelius quadri fasciatus 380 

Wesmaelius ravus 276, 380 

Wesmaelius subnebulosus 69-71, 83, 275 

Wesmaelius tjederi 151-152 

Xanthostigma 38, 44, 45, 376 

Xanthostigma aloysiana 156 

Xanthostigma corsica 156 

Xanthostigma xanthostigma 285 

Zachobiella 223 

Zygophlebius 386 

Zygophlebius zebra 386 
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Acciz/.ia 211 

Addax nasomaculalus lOO 

Casnari iia 220 

Ccrlhia familiaris 331, 333, 335 

Chilocoriis 212 

CrypU)lacmus 212 

Cryplolacmus monlrouzicri 212 

Dclichoii urbica 334 

Dcndrocopos major 331, 333, 335 

Dichrogaslcr 367 

Drosophila 4S, 297 

Cphcslia kiichiiiclla 360 

Erithacus rubccula 331, 333-335 

Idccdiila albicollis 331, 333-336, 33<S 

Fringilla coclcbs 331, 335 

Gregari na raphidiac 44 

Melico verpa 213 

Iloplectis alternans 45 

Merops apiasler 333 

Meleoriis pachypus 45 

Meleoriis puncti frons 45 

Musca domestica 297 

Nemeritis 43, 45 

Nemeritis canalicula 45 

Nemeritis caudatula 43, 44 

Nemeritis colossea 45 

Nemeritis elegans 45 

Nemeritis graeca 45 

Nemeritis scaposa 44 

Nemeritis silvicola 45 

Nemeritis similis 45 

Nemeritis specularis 43 

Nemeritis specularis anatolica 44, 45 


Nemeritis specularis indica 45 

Nemeritis specularis specularis 44 

Oenanthe oeantlie 303 

Oryx dammah 100 

Panorpa communis 83 

Panorpa germanica 83 

Parus ater 335 

Parus major 335 

Pcrilampus cephalotes 45 

lYuilampus maceki 45 

Perilampus polypori 45 

Phylloscopus collybita 331, 333-335 

Phylloscopus sibilatrix 331, 333-335 

Picris rapae 212 

Plodia intcrpunctella 297 

I4utclla xylostcila 212 

Prunclla modularis 331, 333-335 

Psylla uncatoides 211 

Remiz pcndulinus 333 

Rhyzobius lophanthac 212 

Si tophi Ius granarius 299 

Sitta europaea 331, 333, 335 

Sitta europaea 335 

Struthio camelus 100 

Telcnomus 396 

Telenomus acrobates 367 

Tenebrio molitor 299 

dctranychus urticae 212 

3'roglodites troglodites 333 

'Propistes falcatus 45 

1’ropistcs nitidipennis 45 

Tubi fex 297 

Turdus merula 333 
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